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This  study  is  concerned  with  the  examination  of  the  economic  consequences  of 
establishing  multi-modal  transportation  companies.  -Wore-specifically, the  purpose 
of  this,  research  is  toi-.-fB'1 examine  the  economic  impact  various  combinations  of 
7  parameters  or  test  factors  have  on  a  transportation  company  formed  from  single 
modal  carriers,  and  (^determine  *iron  the  average  ""’’which  organizational  form, 
transportation  company  versus  single  modal  carriers,  is  economically  superior.  \ 

■  W  *  • 

i  In  order  to  accomplish  this  goal,  k  simulation  model  was  developed  whtctrtfiade 
!  the  comparison  of  a  transportation  company  with  single  modal  carriers^possible? 
i  Within  this  framework,  the  economic  performance  of^the  two  organizational  approaches 
I  was  contrasted  for  both  TL/CL  and  LTL  movements.  fThe  test  factors  whichuwere 
selected  for  analysis  are:  (lTthe  operating  ratios  of  the  formi-ng-modes~( truck 
and  rail)t  (-2T'the  load  factors  of  the- forming  modes,  4-3)  the  amount  of  available 
capacity,  (4)  and  the  level  of  shippers'  logistics  constraints. 

The  performance  measures  which  were  selected  to  describe  the  economic  impact 
of  operating  a  transportation  system  under  the  two  different  organizational 
approaches  are:  (1)  the  expected  contribution  (to  fixed  and/or  common  costs 
including  profit  margin),  of  the  carriers,  (2)  the  actual  contribution  of  the 
carriers,  (3)  the  total  price  paid  for  transportation  by  shippers,  and  the  amount 
of  traffic  moved  by  (4)  truck,  (5)  piggyback,  and  (6)  rail  under  each  organizational 
approach. 
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ABSTRACT 

Common  ownership  has  been  a  subject  of  debate  in  transpor¬ 
tation  circles  for  years.  Unfortunately,  while  discussion  and 
speculation  on  the  subject  have  abounded,  there  has  been  very 
little  research  directed  at  determining  what  the  potential 
of  a  multi-modal  transportation  ccmpany  is. 

This  study  is  concerned  with  the  examination  of  the 
economic  consequences  of  establishing  multi-modal  transpor¬ 
tation  companies.  More  specifically,  the  purpose  of  this 
dissertation  is  to:  (1)  examine  the  economic  Impact  various 
(  combinations  of  parameters  or  test  factors  have  on  a  transpor¬ 

tation  company  formed  from  single  medal  carriers,  and  (2) 
determine  "on  the  average"  which  organizational  form,  l.e., 
transportation  company  versus  single  modal  carriers,  is 
economically  superior. 

In  order  to  accomplish  this  goal,  a  simulation  model  was 
developed  which  made  the  comparison  of  a  transportation 
company  with  single  r.od.,1  carriers  possible.  Within  this  frame¬ 
work,  the  economic  performance  of  the  two  organizational  approaches 
was  contrasted  for  both  TL/ Cl.  and  LTL  movements.  The  test 
factors  which  were  selected  for  analysis  n:c:  (1)  the.  operating 
ration  of  tho  forming  modes  (truck  and  raJl),  (2)  the  load 
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factors  of  the  forming  nodes,  (3)  the  amount  of  available 
capacity,  (4)  and  the  level  of  shippers'  logistics  constraints. 

The  performance  measures  which  were  selected  to  describe  the 
economic  Impact  of  operating  a  transportation  system  under 
the  two  different  organizational  approaches  are:  (1)  the 
expected  contribution  (to  fixed  and/or  common  coats  Including 
profit  margin) ,  of  tha  carriers,  (2)  the  actual  contribution 
of  the  carrier*,  (3)  the  total  prlca  paid  for  transportation 
by  shippers,  and  the  amount  of  traffic  moved  by  (4)  truck,  (3) 
piggyback,  and  (6)  rail  under  each  organizational  approach. 

A  fractional  factorial  experimental  design  was  utilized 
to  analyze  the  output  of  the  simulation  model.  Appropriate 
statistical  casts  were  utilised  to:  (1)  indicate  which  of  the 
tast  factors  or  test  factor  combinations  produced  statistically 
significant  behavior  In  the  performance  measures,  and  (2) 
determine  If  the  performance  measures  were  significantly 
different  for  the  two  organizational  Approaches. 

It  was  found  that  moot  of  the  average  differences  of  the 
performance  measures  between  the  transportation  company  and 
the  Hlnglu  modal  carriers  veto  significant.  More  specifically, 
for  Tl./CI.  movements  It  was  foand  that  tha  expected  and  actual 
contribution  of  tlio  transportation  company  wore  significantly 
grcaLet  than  the  sum  of  those  measure.'!  for  Ilia  single  modal 
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carrier*.  In  the  LTL  category  of  movements,  the  expected  and 
actual  contribution  of  the  transportation  company  was  again 
■ignificantly  larger  than  the  combined  contributions  of  the 
•Ingle  nodal  carriers.  Tha  transportation  company  also  had  the 
effect  of  aiijnlf lcantly  reducing  the  price  paid  by  shippers  for 
LTL  transportation  services. 

The  prime  consideration  of  the  research  was  the  identifi¬ 
cation  and  explanation  of  tha  manner  in  which  the  levels  of  the 
test  factors  affect  the  average  performance  measures,  '“ho 
analysis  of  the  effects  produced  by  the  test  factors  reveals  under 
what  operating  conditions  (test  factor  lovols)  the  transportation 
coapany  was  "economically  superior"  to  the  tingle  modal  companies 
and  vice  vorna. 

The  economic  aspects  of  tits  common  ownership  controversy 
are,  however,  but  one  facet  of  a  multidimensional  problem. 

Aa  such,  the  research  has  identified  the  other  aspects  of  the 
controversy  and  discussed  their  relationship  co  the  results 
obtained  in  this  study,  Although  there  re, .sin  A  lot  of 
unanswered  questions  which  must  be  researched  concerning  tha 
contnon  ownership  question,  this  otudy  is  a  step  in  the  direction 
of  obtaining  thouo  unsworn. 
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CHAPTER  I 
INTRODUCTION 


For  qi,  to  *o*«  elM  now  thara  hss  boon  a  continuing  contro- 
varay  In  transportation  circle*  about  the  desirability  of  •stabllsh- 
ing  multi-modal  transportation  companies  In  the  United  Statoe. 

The  argument*  for  and  against  the  ownership  of  <t*  mods  of  transpor¬ 
tation  by  a  competing  mode  have  been  r-tatoJ  end  rostatsd.  Tho 
nature  of  these  arguments  is  Illustrated  in  the  following  quotation! 

Tire  Issues  in  tho  common-ownership  controversy  are 
basically  simple.  Major  arguments  In  favor  of  common  ownar- 
■hlp  arc  that  (1)  it  permits  better  service  to  Jus  custoser. 
Through  the  Availability  of  coordlnstrd  transportst ion  service 
'  under  it.*  control  of  a  (tiulti-soJal)  t.anspor'.Atior.  tcr.pv/.y, 

each  shipment  can  ho  noved  by  tho  mud j  or  combination  of 
modes  which  boat  fits  the  raqul rarer, ti  of  tho  customer. 

Common  ownership  would  not  reduce  effective  comport  lien 
bacauso  there  would  still  be  many  separate  mode  carriers 
and  ssvcral  "departsonr  stores  of  t ranspert Alien"  general 
carriers.  (2)  There  arc  economies  In  operation  In  having 
one  sales  force  and  one  operating  headquarters  in  each  aioa 
handling  this  transportation  service.  (3)  The  customer 
convenience  would  be  increased  because  there  would  bo  only 
one  act  of  arrangements  required,  and  t  single  carrier  would 
be  responsible  for  any  loss  or  damage. 

Hie  Important  arguments  against  common  ownership  include! 
(1)  It  would  stifle  competition  and  result  In  poorer  or 
Boro  expensive  service  to  the  shipper  in  the  long  run.  The 
railroads  would  look  to  their  primary  iJnancul  Inver:  men  t 
and  divert  all  possible  traffic  to  thuir  rail  operation 
while  cuing  the  truth  service  to  drlva  independent  uui.iwr* 
Owt  of  'uainoau.  f.’)  Kail  road  or  other  nunt tucking  manage¬ 
ments  could  not  do  an  good  n  Job  of  running  truck  operations 
bt’Cfluut'  the/  dv  not  li  iv/  •,  ho  cpm.I-’tl  .  :-,ovrledg<  .ml 
ox  peri  cm:  ii  requited  lor  b,-.;t  perl  or; '.am. e  .  ...  (3) 

Motor-currlor  tn.rvle.o  would  not  be  developed  nu  rapidly 
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or  *•  well  by  coeson-ovnership  cospcntei  ««  it  would  b* 
by  sumagcmcnts  which  had  no  other  intcreat.^ 

Th#  above  Hating*  of  pro*  and  con*  is  not  axhauaciva, 

but  should  glv«  th*  reader  *n  spprscistion  for  chs  typo*  of 

arguoonta  being  cast  lack  and  forth.  While  much  diacuaalon 

Mists,  there  has  not  boar  Any  effective  ruaosrch  accomplished 

on  the  subject  of  multi-modal  transportation  companies. 

The  controversy  has  bean  unresolved  for  several  reasons, 

such  as  entrenched  carrier  managements  or  it  least  parochial 

attitudes  of  carriers  concerning  their  own  node.  I'urthenaor  i 

ahlppers  tend  to  have  a  ahort-range  perepective  toward  the 

transportation  plant,  trying  to  obtain  the  maximum  benefit# 

from  the  existing  node#.  Another  reason  why  there  hen  been  no 

systematic  research  on  the  subject  it  that  the  present  lava 

which  deal  with  the  transportation  company  questions  or 

interpretations  of  those  laws  by  the  Interstate  Commerce 

7 

CosaaJseinn  (I.C.C)  have  been  very  restrictive.  This  lack  of 
Citectlve  research  on  the  topic  lisa  renulud  in  the  fact  that 
today  there  exist  no  suitable  decision  criteria  for  dot  c-ra.l  nine 


Clayton  I..  Coruim.-,  Hicliolmi  A.  Cl/i 
Henkel t,  hlgi-w-r/  1  hv, 

Hill  Book  Co.,  Inc,,  pp.  ‘»vl  . 
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it  th*  formation  of  transportation  companies  would  b«  in  the 

3 

public  interest,  ao  tha  controvcriy  continue* , 

As  indicated  in  the  above  srguaentt  the  question  of  whether 
or  not  traneportation  companies  should  be  established  is  a  multi¬ 
faceted  or  multi-dlmanalonal  problem.  Thai  Is,  the  formation 
of  transportation  companies  involves  economic,  legal,  and  social 
issuoe  which  euit  be  researched  to  determine  the  Impact  such 
companies  would  have  on  the  transportation  system  of  tha  United 
States.  These  companies  would  (most  probebly)  have  differing 
effects  on  tha  various  groups  involved  In  the  movement  of  goods. 

The  shippers,  carriers,  and  regulators  have  differing 
objectives  concerning  the  transportation  system  which  affect 
their  respective  attitudes  on  the  transportation  company  Issue. 
Shippers  desire  a  low  cost,  efficient  transportation  system 
capable  of  tasting  their  needs.  Carriers  wish  to  wake  a  good 
profit  in  providing  transportation  services.  The  regulators 
eit  in  the  middle  between  these  groups  trying  to  insure  that 


3 

It  slight  be  pointed  out  that  there  are  eotso  transportation 
companies  in  the  United  SStAtos.  An  J •«  would  be  the  Southern 

Pacific  Company  which  operates  soma  .'0,01)0  trucking  route  miles, 
14,000  ullus  of  rail  linos,  and  2,300  pipeline  rr.lluy  (lr.  nk 
CnuipnncJ  1  <i.  "On  the  P.lghL  Tiach",  tforrona,  XI.7H1,  October  2 fi , 
1968,  p,  9).  Southern  Pacific  retained  it  ;  tru-kln"  ope  rat  I  cua 
tliat  were  lx  jjir.i  prior  io  J9  3T  under  tbu  "^rieidi'.itl.ur  clause'1 
when  Section  1!  v.-.i added  to  tin.'  inter;. tut ■>  c -rcu  Act. 

Suction  1  in  i:uiii  e  rm  d  with  the.  regulation  ol  railroad;..  '..'liilo 
it  la  true  ti  nt  iiu/eiai  other  railroads  own  ::ubii  idl  .ry  tru.-vlng 
comp/in  Inn,  th**  fond  I  r  tor.  s  of  operating  Lhe:io  ttu'ie  1  u !  nr  lor.  nre 
severely  limited  u:\dir  preai.r.!)/  Jawed  J.C.C,  ceil  i  i  i  cutes  of 
pub  Lie  Convenience  .lad  I  ■  '.ei:.  i  '/  ,  ns  i  L  1  be  ‘..hewn  in  ‘.e  r  V, 
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the  needs  of  both  group*  ere  sec  simultaneously. 

This  paper  will  undertake  to  examine  the  economic  conse¬ 
quences  of  establishing  lnteraodal  transportation  companies. 

The  research  will  be  mainly  concerned  with  an  analysis  as  to 
how  the  creation  >t  such  a  company  affects  the  economic  well¬ 
being  of  the  founding  carriers. 

Definition* 

Before  proceeding  to  describe  the  nature  and  lntont  of 
the  research,  and  to  insure  no  misunderstanding  is  created, 
the  following  definitions  are  presented  and  will  be  used  in 
the  remainder  of  this  dissertation. 

Integration  of  transportation  firws  involves  the  purchase 
or  acquisition  of  n  transportation  firm  of  one  mode  by  a  trans¬ 
portation  firm  in  another  mode.  A  railroad  acquiring  a  truck 
lino  would  be  an  example. 

A  transportation  company  is  a  single  firm  which  owns  and 
operates  entitles  in  more  than  one  mode  of  transportation. 

Hence,  the  integration  of  transportation  firms  into  a 
transportation  company  involves  issues  of  the  common  cwner- 
Btil p  of  more  than  one  mode  of  transportation.  In  die 
transportation  literature  the  terms  jcoivvan  ownership  and 
irnnsportfit  Ion  rr’i.pjny  ato.  used  interchangeably  and  thin 
practice  will  ho  followed  in  this  project. 


Coordinated  transportation  is  defined  as  "a  point-to-point 
through  movement  by  means  of  two  or  more  modes  of  transportation 
on  the  basis  of  regularly  scheduled  operations."  Thus  coordi¬ 
nated  transportation  refers  to  a  particular  type  of  transportation 
service  or  ’product"  which  is  independent  of  the  ownership  of 
the  aode.i.  For  example,  a  regularly  scheduled  piggyback  move¬ 
ment,  e  tr.ck  trailer  novel  on  a  rail  flatcar,  is  a  coordinated 
transportation  movement  if  the  railroad  owns  the  truck  trailer 
or  if  s  trucking  firm  owns  the  trailer. 

The  Economic  Issues 

As  mentioned  abovu,  this  dissertation  will  undertake  to 
examine  the  economic  consequences  of  establishing  transportation 
companies.  The  formation  of  a  transportation  company,  resulting 
from  combining  two  or  more  carriers  of  different  modes,  could 
involve  economies  from  two  sources.  Common  ownership  could 
lead  to  economies  of  scale  and  potential  economies  involving 
the  possible  reallocation  of  traffic  from  high  to  low  cost 
modes . 


Economies  of  Scale 

As  alluded  to  In  the  arguments  for  and  against  establish¬ 
ing  transportation  companies,  most,  If  not  all  economic  arguments 
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on  the  common  ownership  question,  are  centered  on  the  question 

of  the  extent  to  which  economies  of  scale  can  be  obtained  by 

the  merger  of  two  modes  (rail  and  truck).  Consents  such  as  the 

following  are  typically  made  by  transportation  economists. 

The  economies  which  nay  be  realized  from  common  ownership 
are  dubious,  to  say  the  least,  as  is  evident  from  the 
earlier  analysis  of  economies  of  scale  in  the  various 
modes  of  transport  ...  in  addition  ...  the  competitive 
nature  of  motor  ...  transport  would  make  it  impossible 
for  then  to  abscru  any  significant  amount  of  the  rail¬ 
road  burden. 5 

From  the  positive  side. 

In  summary,  ...  integration  can  lead  to  economies  in  the 
use  of  administrative  personnel,  maintenance,  personnel, 
labor  of  all  kinds,  equipment,  and  capital  facilities. 

Many  of  these  lead  to  better  service  through  speciali¬ 
zation  of  labor  or  capital  and,  at  the  same  time,  lead 
to  greater  profit  for  the  firm.J 

As  can  be  seen,  the  disagreement  centers  on  the  question 
of  how  similar  are  the  operating  functions  of  the  combining 
modes  and  is  there  enough  similarity  to  allow  the  transpor¬ 
tation  company  to  centralize  functions  anc  eliminate  duplicative 
functions,  and  so  forth.  These  kinds  of  questions  will  be 
addressed  in  Chapter  VI.  As  will  be  pointed  out  in  Chapter  VI, 


j: 


there  really  has  not  been  enough  research  done  in  this  area  of 
the  transportation  company  concept  to  answer  the  question  of 


Dudley  F.  Pegrum,  Transportation  Economics  and  Public 
Policy,  Revised  edition  (Homewood,  Illinois:  Richard  D. 
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vhether  or  not  there  are  substantial  economies  of  scale  to  be 
obtained  from  combining  different  modes.  Therefore  economies 
of  scale  will  not  be  directly  considered  in  this  study.  The 
effects  of  not  directly  considering  economies  of  scale  on  the 
analysis  of  the  results  of  this  project  will  be  explained  in 
detail  in  Chapter  V. 

Economies  Resulting  from  the  Reallocation  of  Traffic 

The  major  focus  of  this  research  project  will  be  on  the 
analysis  of  the  potential  economies  of  common  ownership 
involving  the  possible  reallocations  of  traffic  from  high  to 
low  cost  modes.  An  explanation  of  why  it  may  be  possible  for 
a  transportation  company  to  obtain  economies  from  reallocating 
traffic  from  high  to  low  cost  modes  deserves  some  attention. 

Currently,  carriers  have  the  leeway  to  price  services 
be  .ween  out-cf-pocket  and  fully  distributed  costs^  under 

g 

current  regulatory  policy.  Assuming  firms  are  profit 


Out-of-pocket  costs  is  a  tern  used  in  transportation 
referring  to  the  added  costs  incurred  in  performing  an 
additional  service.  Fully  distributed  costs  are  the  total  of 
variable  costs  and  a  prorated  portion  of  applicable  fixed 
costs  including  a  profit  allowance  for  a  transportation  move¬ 
ment. 

g 

The  Passage  of  the  Transportation  Act  of  1958  added  para¬ 
graph  3  to  the  Rule  of  Hate  making  (Section  15a)  o'  the  Inter¬ 
state  Commerce  Act.  In  particular,  the  Congress  declared  that, 
"rates  of  a  carrier  shall  not  be  held  up  to  a  particular  level 
to  protect  the  traffic  of  any  other  mode  of  transportation, 
giving  due  consideration  to  the  objectives  ■>£  the  national 
transportation  policy  eociarud  in  this  act.'  In  effect,  this 
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it  than  fullw.  th  At  single  icodal  carriers  will  carry  traffic 
•i  leftg  if  it  6&fitrlbui«»  *e»*ihing  to  Margin.  lacaus*  aach 
Mt«  hat  dlf ferant  c&tt  characteristics  (differing  amounts  of 
Haag  and  vir.Uble  costs)  and  (Ivan  that  carriers  are  profit 
Main!  Mrs,*  there  «Ki*t«  in  tians partition  today  a  lituatlon 


addition  (»  the  i,€,A,  directed  the  Interatata  Conferee  Cea- 
fcUalwn  < ! to  bis*  rates  far  services  provided  by  carrier* 

tm  the  ba«l*  of  fcilgfv^evitOktt t  analysis  ef  the  aituaeloit. 

t’rier  fa  jvf.ii,  th*  l.C.C.  dictated  th.it  rates  cheuld  be 
*0  lowar  then  n«*aae**y  tv  afford  the  carilers  a  fair  oppor- 
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and  O)  whether  th«  ret*  wee  lower  titan  r,e«jessary  to  neet  the 
fenepsti  tisit, 

lit*  test  e*M  for  th*  If  Si  hull  of  Rata  Making  was  th*  lea- 
l#nd  fete  (1,0, C,  v,  Hew  York,  H*w  ||*van,  and  Hertford  R.R.  Co., 
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buted  kB*(e  a  it  a  measure  of  inherent  advantage  at  a  teat  for 
doifernlniui  whether  a  pertiuuJr.r  rate  la  unfair  or  destructive, 
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aeuld  b«  overruled,  Tiiese  ar«;l  (1)  whan  and  if  other  acceptable 
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«arri*r  csii  b.iie  mine  on  uut-ot-po, hot  eoita  ratio  r  than  fully 
diet  f jliutud  liiiiu  provided  the? a  fife  not  bolov  tint  fully  distri¬ 
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vhera  carriers  of  on*  me -a  *r«  competing  for  traffic  which  can 

ba  moved  more  profitably  at  th*  same  or  ccapotitive  rates  by 

carriers  of  another  mode  (with  different  coot  characteristics). 

This  point  Is  substantiated  by  past  chairman  of  the  I.C.C. 

Howard  Freas  when  he  pointed  out  In  1958 : 

However,  whan  competitive  traffic  Is  hauled  at  a  minimum 
of  profit  by  carriers  whoso  costs  arc  relatively  high,  the 
low  cost  carrier  who  at  the  sene  or  lower  rates  covlJ 
provide  the  service  at  a  reasonable  profit  Is  deprived  of 
the  business,  by  having  the  high  cost  carrier  perform  the 
•ervico,  the  overall  charges  to  the  public  are  not  reduced 
ss  other  traffic  must  bear  a  disproportionate  share  of  the 
total  transportation  burden.  Thus,  the  public  is  prevented 
from  receiving  the  benefit  of  the  mors  economical  service.^ 


Thus  it  la  evident  that  there  exists  the  potential  for  a  transpor¬ 
tation  company  to  achieve  economies  by  reallocating  traffic  from 
high  to  low  cost  modes.  Whether  this  Is  possible  or  not  depends 
on  nany  factors  which  must  be  analyzed. 

To  date  there  h«n  been  no  quantitative  microeconomic  analyst* 
of  the  transportation  company  concept.  Pater  S.  Douglas  has 
supported  this  finding  and  states  in  a  recent  article,  "No  pro¬ 
ponent  of  '(.crnnion  ownership' ,  however,  has  yet  undertaken  publ  icly 
to  Identify  the  economic  forces  that  might  make  coordination  of 

separate  modes  loss  eortly  under  a  single  management  than  under 

..11 

separate  managements. 
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Purpose  of  the  Dissertation 

Xn  Che  light  of  the  prevloua  discussion  on  the  economic 
leeuee  of  the  common  ownership  controversy,  the  purpose  of  this 
dissertation  nay  be  stated.  The  purpose  of  this  research  project 
is  to  examine  tho  economic  impact  various  combinations  of  parameters 
or  test  factors  have  on  a  transportation  company  formed  from  single 
modsl  carriers.  In  the  accomplishment  of  this  goal,  the  research 
project  will  attempt  to  provide  information  on  the  cause  and 
effect  nature  the  parameters  have  on  the  economic  performance 
of  the  transportation  company  as  compared  to  the  economic  per¬ 
formance  of  the  single  modal  carriers  of  which  the  transportation 
company  is  comprised,  A  secondary,  but  important,  goal  of  the 
research  is  to  provide  a  basis  for  future  research  efforts. 


The  Research  Approach 

The  research  approach  used  in  this  project  will  be  to  identify 
the  exogcncous  controllable  and  uncontrollable  variables,  the 
endogencous  variables,  the  constraints,  and  the  relationships 
between  them.  Taking  these  factors  into  consideration,  a 
mathematical  simulation  model  will  be  constructed.  Once  the 
mathematical,  model  haa  been  developed,  a  hypothetical  transpor¬ 
tation  systc'-.  will  be  analyzed  in  which  tl. .  parameters  and  con¬ 
straints  will  be  allowed  to  systematically  vary  to  determine 
what  effect  inch  has  or.  tho  solution  of  the  model. 

It  should  be  pointed  cut  that  this  type  of  an  approach  ic 
the  problem  .  s  noceoo.iry  for  the  following  ripens:  (1)  while 
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lt  la  not  neceaaarily  easy  to  abstract  the  real  world  Into  symbolic 
■ode Is,  It  it  the  only  practical  way  in  which  the  operations  of  an 
integrated  transportation  company  can  be  compared  with  the  operations 
of  competitive  single  modal  carriers  made  up  of  its  composite  companies. 
There  is  no  data  on  which  one  can  draw  which  compare  the  operations  of 
a  truly  Integrated  transportation  company  with  competitive  single 
modal  companies.  That  is,  while  there  are  some  transportation 
companies  in  the  United  States,  they  do  not  compete  directly  with 
jingle  modal  carriers  with  exactly  the  same  route  structures,  load 
factors,  management  skills,  and  so  forth.  (2)  As  one  might  guess, 
the  carriers,  ahippera,  and  regulatory  authorities  as  a  group  are 
not  willing,  for  their  own  parochial  reasons,  to  experiment  with  one 
segment  of  our  transportation  system  to  see  if  the  concept  really 
"holds  water".  Furthermore,  even  if  one  experiment  did  work,  this  fact 
vould  offer  no  proof  that  the  concept  would  be  valid  under  all  con¬ 
ditions.  Thus,  one  of  the  benefits  of  utilizing  mathematical  simu¬ 
lation  models  is  that  it  is  possible  to  manipulate  the  parameters 
involved  which  make  two  situations  different  to  determine  the  outcome 
on  the  solution  at  a  reasonable  expense.  (3)  The  formulation  and  use 
of  a  simulator  to  analyze  this  problem  aroa  has  never  been  attempted 
before  and  hopefully  this  approach  will  be  u».d  as  a  building  block  tc 
extend  quantitative  methods  to  aid  carrier  managements. 

The  data  used  in  this  study  will  be  hypothetical,  yet  will 
reflect  actual  differences  In  operating  characteristics  between 
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aodca.  Realistic  hypothetical  data  serve  the  purpose  of  this 

dissertation  as  well  as  real  data,  because  they  will  be  used  as 

a  common  dcncainator  for  comparing  the  sane  transportation  Bodes 

operating  under  different  organizational  structures. 

With  respect  to  simulation  per  so.  it  h3s  been  defined 
as  follows: 

A  simulation  of  a  system  or  an  organism  is  the  operation 
of  a  model  or  simulator  which  is  a  representation  of  the 
system  or  organism.  The  model  is  amenable  to  manipu¬ 
lations  which  would  be  impossible,  too  expensive  or 
impractical  to  perform  on  the  entity  it  portrays.  The 
operation  of  the  model  can  he  studied  and,  from  it, 
properties  concerning  the  behavior  of  the  actual  system 
or  subsystem  can  be  inferred. 

In  essence,  simulation  can  be  viewed  as  an  experimental 
means  fer  generating  an  artificial  history  of  a  system  for 
purposes  of  analysis, 12 

Thus  one  of  the  distinguishing  characteristics  of  simulation 
studies  is  their  reliance  on  the  model-building  approach  to  examine 
problems.  Hillicr  and  Liebcrman  have  put  forth  this  proposition 
as  follows: 

..  .simulation  typically  is  nothing  more  cr  less  than  the. 
technique  of  performing  sampling  experiments  cn  the  model 
or  system.  The  experiments  are  done  on  the  model  rather 
than  on  the  real  system  itself  only  because  the  latter 
would  be  too  inconvenient,  expensive,  snd  time  consuming. 
Otherwise,  simulated  experiments  should  be  viewed  as 
virtually  indistinguishable  from  ordinary  statistical 
experiments . . . H 
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It  must  be  recognized,  however,  that  while  there  are  certain 
advantages  in  utilizing  this  model-building  approach  to  analyze 
a  problem  area,  there  are  corresponding  disadvantages.  As  Hilller 
and  Lleberman  put  It: 

Mathematical  models  have  many  advantages  over  a  verbal 
description  of  the  problem.  One  obvious  advantage  Is  that 
a  mathematical  model  describes  a  problem  much  more  concisely. 
This  tends  to  make  the  over-all  structure  of  the  problem  more 
comprehensible,  and  it  helps  to  reveal  important  cause-and- 
effect  relationships.  It  also  facilitates  dealing  with  the 
problem  In  its  entirety  and  considering  all  of  its  Inter¬ 
relationships  simultaneously.  ... 

On  the  other  hand,  there  are  pitfalls  to  be  avoided  when 
using  tnithcnatlc.il  models.  Such  a  model  Is  necessarily  an 
abstract  Idealization  of  the  problem,  and  approximations 
and  simplifying  assumptions  generally  arc  required  if  the 
model  la  to  be  tractable.  Therefore,  car*  must  be  taken  to 
insure  that  the  model  remains  a  valid  representation  of 
the  problem. ^ 

With  th'ise  advantages  and  disadvantages  In  mind  this  model- 
building  approach  will  be  utilized  to  achieve  the  objectives  of 
this  dissertation.  The  study  will  be  undertaken  In  three  distinct 
phases.  Flr.iL,  the  model  used  to  analyze  the  economic  consequences 
of  establishing  transportation  companies  will  be  presented. 
Secondly,  the  test  factors  and  performance  measures  utilized  in 
the  study  wlr.1  be  presented.  In  this  phase  of  the  study,  the 
relationship  of  the  model  to  the  reel  world  will  be  critically 
discussed.  Thirdly,  the  evaluation  of  the  results  of  the  simu¬ 
lation  will  be  presented  as  well  as  the  implications  the  study  liar 
on  the  reel  world  and  future  research. 
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Contribution  of  the  Dissertation 

Speculation  and  Intuitive  belief  have,  guided  the  argument* 
ccmrernlng  the  establishment  oi'  formation  of  transportation  compa¬ 
nies.  Investigation,  not  speculation,  Is  required  If  objective 
decision  criteria  are  to  be  established,  as  to  when  or  under  what 
circumstances  transportation  companies  would  he  In  the  public 
Interest.  As  Indicated  above,  developing  criteria  for  this  purpose 
Is  a  multi-dimensional  undertaking.  This  dissertation  Is  con¬ 
cerned  with  one  part  of  the  economic  feasibility  of  common  ownership. 
The  dissertation  will  answer  such  questions  as  under  what  operating 
conditions,  traffic  conditions,  and  cost  conditions  will  the  transpor¬ 
tation  company  result  in  lower  costs  for  transportation  users  and/or 
greater  profits*^  for  the  industry  than  by  keeping  the  individual 
modes  separate. 

The  results  and  methodology  of  this  study  could  hopefully  be 
incorporated  in  a  rigorous  system  analysis  of  tho  concept  which 
should  be  performed  by  tho  I.C.C.  or  Department  of  Transportation. 

The  major  thrust  of  the  research  could  then  be  thought  of  as  a 
necessary  part  of  a  systems  analysis  on  the  common  ownership  contro¬ 
versy  which  identifies  some  of  the  economic  impacts  on  the  carriers 
involved  in  forming  transportation  companies.  The  information 

^Profitability  will  be  measured  in  term  of  the  total  contri¬ 
bution  tr.-ido  to  fixed  and/or  cc::.o:i  costs  including  profit  r.ar.,;1n. 

For  a  detailed  explanation  of  vie/  this  moas  urcm.cn t  was  used  sec 
Infra,  chapter  v,  pp.  ioO-162. 
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ganaraud  and  methodology  used  in  this  dissertation  could  be 
Incorporated  as  part  of  the  analysis  necessary  to  determine  if  such 
companies  would  be  in  the  public  interest.  The  I.C.C.,  If  It  were 
to  attempt  such  an  analysis,  would  also  have  to  consider  not  only 
the  economic  aspects  of  tlio  problem,  but  also  such  factors  as  to  hew 
such  companies  would  affect  shipper  convenience  and  service,  effect 
on  carrier  employees,  legality,  desired  levels  of  competition, 
regulatory  problems,  and  whether  or  not  such  companies  could  ba 
effectively  organized  and  managed.  Only  after  all  these  questions 
have  been  researched  can  appropriate  decision  criteria  be  formulated 
ae  to  when  the  formation  of  a  transportation  company  would  be  socially 
desirable. 

The  major  focus  of  this  research  will  hopefully  provide  a 
new  perspective  and  a  foundation  for  research  on  the  question  of 
the  transportation  company  concept.  The  research  should,  however, 
provldo  guidelines  as  to  under  what  circumstances  a  transportation 
company  will  be  more  profitable  than  single  modal  competing  carriers. 

The  methodology  utilized  in  this  study  could  alr.o  be  used,  ns  a 
foundation,  to  develop  a  rational  basis  for  determining  when  carriers 
should  provide  coordinated  or  single  modal  transportation  servlccb. 

Finally  it  is  hoped  that  lliiu  dissertation  will  bo  used  «a  a 
building  block  to  extend  the  applications  of  quantitative  methods 
in  currier  management. 
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Organlzatlon  of  the  Dissertation 
The  remainder  of  this  dissertation  consists  of  six  chapters. 
Chapter  ZZ  Involves  the  formulation  of  the  model.  The  chapter 
deals  with  the  definition  of  the  relevant  decision  variables, 
explanation  of  the  fore  of  the  objective  functions,  and  statement 
of  the  set  of  constraints  within  which  the  simulation  will  operate. 

The  chapter  also  presents  a  discussion  of  the  scope  of  the  research 
as  well  as  a  description  of  the  pertinent  assumptions. 

The  first  part  of  Chapter  III  identifies  the  parameters  as 
well  as  the  random  components  of  the  model  which  will  bo  varied 
in  the  analysis  of  the  model  to  determine  what  effect  each  has  on 
the  solution  of  the  model.  The  remainder  of  the  third  chapter 
explains  how  the  cost  data  will  be  genornted.  The  coating  categories 
for  the  modes  arc  established  and  an  explanation  of  the  manner  In 
which  the  test  factors  effect  costs  is  given.  Following  this 
explanation,  the  transportation  system  which  was  modeled  is  presumed. 
Chapter  IV  focuses  attention  on  the  nature  of  the  experi¬ 
mental  design  and  the  analytical  and  statistical  methodology  used 
in  the  dissertation.  The  chapter  discusses  the  problem  of  realism 
in  the  simulation  and  presents  the  performance  measured  or  summary 
statistics  which  are  used  to  describe  the  results  of  the  simu¬ 
lation.  The  chapter  also  discusses  the  nature  of  the  particular 
experimental  design  utilized  In  the  study. 

The  fifth  chapter  prcnniiU)  and  analyzes  the  results  of  the 
si  mu !  at  i  or. .  The  an.;  lysis  h'.'ilcuLei  which  test  factors  nignifl- 


17- 


cantly  affect  the  econotalc  ictpecc  of  *  transportation  company 
vis-I-vis  single  aodal  carriers. 

Chapter  VI  Identifies  the  other  aspects  of  the  common  owner¬ 
ship  controversy  that  were  not  considered  in  this  project  and 
discusses  their  relationship  to  the  research  accomplished  in  chic 
Study. 

Chapter  VII  discusses  the  results  and  implications  of  the 
study  In  the  broader  framework  of  the  controversy. 


4: 


CHAPTER  II 


DEVELOPMENT  OF  THE  MODEL 

Very  broadly  stated,  the  purpose  of  this  chapter  Is  to: 

(.1)  develop  the  foundation  for  the  simulation  model  utilized  in 
this  project;  and  (2)  present  and  discuss  the  simulation  model. 

The  chapter  begins  by  identifying  the  scope  of  this  research 
effort.  Next  the  important  assumptions  which  are  made  during 
the  conduct  of  the  research  ate  discussed.  Following  this 
discussion,  the  key  variables  of  the  simulation  model  art  ; re¬ 
sented  with  the  purpose  of  introducing  the  model  in  an  overview 
fashion. 

The  chapter  will  then  present  a  description,  in  mathematical 
and  verbal  terms,  of  the  nature  of  the  decision  environment 
within  which  the  shippers  and  carriers  operate.  Attention  will 
be  given  to  the  interactive  nature  of  the  process  by  which  carriers 
maV  equipment  allocation  decisions  and  shippers  choose  methods  of 
transportation  for  movements.  The  nature  of  the  manner  in  which 
carriers  determine  rates  is  then  presented.  The  simulation  mode] 
which  will  bo  used  for  analysis  in  the  project  is  then  presented 
and  described. 

Scope  of_t he  Kc search 

The  American  transportation  system,  which  is  concerned  with 
the  movement  of  frolglit,  is  so  pervasive  that  it  is  almost  beyond 
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lnagination.  "“he  system  Is  composed  of  thousands  of  origins 
and  destinations  connected  by  millions  of  miles  of  road3, 
railroad  tracks,  canals,  rivers,  pipelines,  and  air  routes. 

There  are  five  modes  of  transportation  concerned  with  the 
movement  of  freight.  These  modes  involve  tiotor,  rail,  water, 
pipeline,  and  air  transportation.  These  modes  literally  move 
billions  of  ton-miles  of  freight  each  year. 

To  simplify  the  analysis  and  to  limit  the  scope  of  the 
research  to  a  manageable  size,  the  research  will  restrict  the 
number  of  origins  and  destinations,  the  number  of  founding  nodes, 
and  the  number  of  commodities  considered. 

Because  there  are  many  possible  combinations  of  modes  which 
could  be  formed  into  a  transportation  company,  the  research  will 
consider  the  two  modal  corbination  which  would  most  probably 
have  the  most  significant  economic,  impact  on  both  the  shippers 
and  carriers  coicerned.  Air  carriers  and  freight  forwarders  are 
involved  with  a  relatively  minor  amount  of  the  total  freight 
movements.  Domestic  water  carriers  are  limited  to  their  geo¬ 
graphically  controlled  route  structures.  Pipelines  carry  ft  very 
limited  product  line.  The  analysis  will  therefore  limit  the 
system  considers  to  the  two  modal  case  involving  a  railroad 
and  a  trucking  company,  and  a  transportation  company  which  operates 
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both  the  rail  .ina  highway  nodes.  These  two  nodes  are  by  far 
the  most  important  modes  involved  in  the  movement  of, freight.* 

In  simplifying  the  analysis  by  considering  only  two  modes, 
the  results  which  will  be  obtained  are  restricted  to  the  modes 
considered.  This  is  so  because  each  mode  has  different  economic 
or  cost  characteristics  which  must  be  considered  in  the  research. 


The  extension  of  the  analysis  to  transportation  companies  con¬ 
sisting  of  more  than  two  modes  is  conceptually  straight  forward, 
although  not  necessarily  easy  to  accomplish.  To  consider  other 


two  modal  transportation  companies  composed  of  different  modes 

should  be  a  simple  process  once  the  methodology  is  established. 

This  study  will  address  itself  to  only  a  portion  of  the 

total  rail-truck  market.  The  study  v;ill  focus  attention  on 

common  carrier  truck  and  rail  movements  including  Plan  I  and 

Plan  II  piggyback  movements.  Other  forms  of  piggyback  oovc- 

2 

ments  will  not  be  considered.  Furthermore,  the  analysis  will 
also  consider  only  one  product.  This  product  nay  be  considered  to 
be  the  class  of  commodities  which  are  subj  act  to  intemodal 
competition  for  movement. 


In  1969  the  total  estimated  revenue  of  all  regulated  ire-'ght 
carriers  was  approximately  26.4  billion  dollars.  Of  this  • dal 
regulated  railroads  and  motor  carriers  ac»-  ounted  for  92.  ST  cf 
this  total  ci  24.3  billion  dollars.  "American  Trucking  Trends  1970- 
71",  Departments  of  Research  and  Transport  economics  ar.d  Public 
Relations,  American  Trucking  Associations,  Inc.  (Washington,  D.C.) ,  p.  16. 

2 

Plan  I  piggyback  movements  utilize  common  carrier  truck 
trailers  on  rail  owned  flatcars.  Plan  II  piggyback  movements 
involve  rail  owned  trailers  and  flatcar?.  There  are  other  terms 
of  piggyback  mov-.re.i t which  involve  shipper  owned  due.  a  dollars, 
and  still  others  which  cater  to  f:  -igiit  for.-ardt  rs. 


-» 

A 


A 


21' 


Restricting  the  analysis  to  one  product  with  average  commodity 
characteristics  does  present  some  difficulties.  The  commodity 

P 

characteristics  of  goods  does  affect  the  cost  of  movement.  Once 
a  system  is  solved  for  the  average  commodity,  it  may  prove  worth¬ 
while  to  adjust  the  costs  in  the  analysis  by  the  amount  these 
characteristics  cause  the  costs  to  deviate  from  the  average.  If 
this  is  done,  the  transportation  firms  would  have  exact  commodity 
break  points  for  the  nodes  over  a  certain  segment. 

The  si2e  of  the  transportation  market  which  is  subject  to  the 
intemodal  competition  is  an  important  factor  for  determining  if  a 
transportation  company  has  a  greater  profit  potential  than  two  single 
modal  carriers.  If  all  traffic  were  subject  to  intermodal  competition, 
there  could  exist  many  possibilities  where  a  transportation  company 
could  generate  a  greater  profit  contribution  than  the  competitive 
single  modal  carrier  by  allowing  each  node  co  be  used  in  its  most 
profitable  market  segments.  If  there  were  no  traffic  subject  to  inter¬ 
modal  competition,  there  would  be  no  increased  profit  potential  for 
a  transportation  company  by  allocating  each  code  to  its  proper 
economic  role.  There  nay  however  still  be  some  economies  of  scale 
involved  in  this  situation. 

To  the  extent  that  service  differs  between  the  modes,  the 
effective  size  of  the  amount  of  traffic  which  is  subject  to  inter¬ 
modal  competition  is  reduced.  For  instance,  if  speed  between 
modes  were  substantially  different  between  two  points  end  this 
was  an  important  decision  variable  for  a  shipper,  this  factor 


•arid  fsdues  the  Mount  of  traffic  subject  to  lntoraodal  cob- 
fOlitiaOi  fh#  «ff«et  this  would  have  would  be  to  radute  the 
#f#i  in  whl#h  effective  savings  are  likely  to  reault  by  the 
fiiUafatiOft  of  traffic  to  tho  most  profitable  aodea.  Thle 
type  of  *1  lust  ion  could  result  alao  if  a  ahippcr'a  logistics 
tyolati  wa«  fet  up  only  for  one  node  of  transportation,  regard- 
lii#  of  whathsr  Of  not  it  ig  tho  low  coat  carrier  by  which  the 
IfAftftpott alien  company  would  like  to  tuova  his  shipments.  To  the 
ISlettt  this  typo  of  situation  prevents  tha  movement  of  goods 
ky  the  Sow  60*i  carrier,  the  leas  will  be  the  economic  impact 
ifCslM  Wy  furling  transportation  eoupanier.  These  types  cf 
S!it!«u#n»  if, ^  H  ineorporatad  into  the  analysis  by  constraining 
iho  Banner  in  which  aovsisents  can  be  made  between  origins  and 
destination*. 

testrlcsins;  the  number  of  origin  and  destination  pairs  to 
that  which  Is  i^snsgashie  does  not  really  affect  the  generality 
of  the  results ,  for  instance  once  (lie  break  points  where  modal 
shifts  should  uncur  a i *  found  on  a  particular  network  segment, 
•II  the  ailgtn  and  destination  pairs  between  those  points  should 
be  eetful  py  tliu  seme  nodus  »,r  modal  combinationn. 

Unu  furtlui  1  ini  tutJvn  will  ba  pi  need  on  the  an&lysiu 

in  tills  dlsBci  tut  ion.  Thu  siraul  ttion  will  be  a  ohort- 
*  un  «i)ii|ur.it  u  u.,t)ysi:i.  in  fact,  Ihu  slinulition  runs  which  will 
he  fiiifily^  !!•!  will  i,u  i.i  lift  riied  with  comparing  Lho.  oconoaJc 


performance  of  a  transportation  company  with  a  single  modal  rail¬ 
road  and  trucking  company  for  a  single  time  period.  This  time 
period  may  be  thought  of  as  being  one  day.  The  analysis  will 
Dot  suffer  due  to  this  limitation  because,  aa  will  be  shown  in 
a  later  section  of  this  chapter,  the  decision  processes  which 
are  being  simulated  remain  the  same  from  time  period  to  time 
period. 


Assumptions 

Now  that  the  scope  of  the  research  has  been  described,  this 
section  will  identify  the  pertinent  assumptions  which  will  be 
utilized  in  the  formulation  of  the  simulation  model. 

The  study  will  assume  that  the  appropriate  regulatory  agency, 
the  Interstate  Commerce  Commission,  will  continue  to  safeguard 
the  public  Interest.  In  other  words,  it  will  be  assumed  that 
the  activities  of  a  transportation  company,  a9  well  a3  the  single 
modal  carriers,  will  not  be  allowed  to  run  contrary  to  the  public 
interest  by  such  actions  as  charging  cxhoibitant  rates  or  dis¬ 
crimination  between  shippers.  This  assumption  of  continued 
regulatory  supervision  allows  the  author  to  assume  that  the  rates 
charged  by  the  singia  modal  carriers  and  the  transportation 
company  will  be  determined  by  a  consistent  policy  which  will  be 
explained  in  a  later  section.  Furthermore,  it  will  be  assumed 
that  the  I.C.C.  through  its  rate  making  policy  will  control  the 
average  operating  ratios  of  the  modes.  The  I.C.C.  will  thus 
indirectly  control  the  average  rate  of  return  for  the  nodes. 


Since  the  time  frame  necessary  for  the  Analysis  is  a  short- 
run  analysis,  one  can  assume  chat  the  physical  plant  of  the 
companies  is  fixed.  That  is,  the  number  of  tractors,  trailers, 
flatcars,  locomotives,  terminals,  line  miles  of  track,  road  mili.s, 
and  so  forth,  will  be  considered  as  constants  in  the  analyses. 
Furthermore,  the  technological  state  will  be  limited  to  the 
current  state  of  the  art. 

For  certain  movements,  the  physical  characteristics  of 
products  restrict  certain  modes  from  carrying  them.  For  instance, 
the  shock  resistance,  or  size  or  weight  of  some  commodities  could 
limit  them  from  being  moved  by  any  one  mode.  This  factor  reduces 
the  number  of.  combinations  of  coordinated  movements  to  those 
involving  the  modes  which  are  physically  capable  of  carrying 
the  goods.  The  model  developed  below  will  consider  the  commodity 
to  be  capable  of  being  transported  in  a  standatd  railroad  boxcar 
and/or  a  standard  truck  trailer.  Piggyback  movements  will  be 
limited  to  the  standard  configuration  of  one  or  two  standard 
truck  trailers  on  a  flatcar. 

In  addition  the  assumption  will  be  made  that  when  the 
service  characteristics  of  the  nodes  are  equal,  shippers  have 
no  real  preference  between  the  modes  if  they  are  physically 
capable  of  dealing  with  each  node. 

It  will  also  bo  assumed  that  shipments  subject  to  logistics 
constraints  will  be  moved  before  the  carriers  neve  competitive 
t.atilc.  This  scons  reasonable  becaur.c  carriers  might  bo.  expected 
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to  satisfy  a  guaranteed  market  before  they  would  enter  into 
the  competitive  market  place. 

Furthermore  it  will  be  assumed  that  the  transportation 
company  faces  the  same  demand  pattern  as  the  two  single  modal 
companies  of  which  it  is  composed. 

The  final  assumption  which  will  be  made  in  this  project  is 
that  the  transportation  company  can  be  effectively  organized  in 
auch  a  manner  as  to  achieve  its  objectives.  The  objective 
functions  of  the  transportation  company  and  the  single  modal 
carriers  will  be  presented  in  this  chapter. 

.  The  assumptions  utilized  in  this  study  will  be  critically 
analyzed  throughout  this  thesis  to  determine  the  impact  they  have 
on  relating  the  results  of  tills  study  to  the  real  world.  In 
addition,  Chapter  VI  devotes  special  attention  to  the  discussion 
of  these  assumptions  and  their  relationship  to  the  real  world, 

Identification  of  the  Important  Variables 
Now  that  the  pertinent  assumptions  which  will  be  utilized 
in  the  formulation  of  the  model  have  been  stated,  this  section 
will  identify  the  important  variables  with  which  the  model  will 
be  concerned.  The  purpose  of  this  section  is  to  acquaint  the 
reader,  on  i.  very  general  basis,  v.'itb  the  "input  and  output" 
variables  used  in  the  simulation  analysis.  This  material  is 
presented  at  tills  time  to  facilitate  the  understanding  of  the 
mathematical  structure  of  the  decision  i-r.vircr.mont  and  the 
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•isulation  model  which  will  be  presented  in  the  next  two 
sections  of  this  chapter. 

There  ere  two  classes  of  variables  which  the  models,  to  be 

developed  In  the  next  section,  manipulate  to  arrive  at  a  solution. 

These  variables  are  exogenous  and  endogenous  variables.  "Exogenous 

variables  are  the  Independent  or  Input  variables  of  the  model 

and  are  assumed  to  have  been  predetermined  and  given  Independently 

3 

of  the  system  modeled."  Exogenous  variables  may  be  subdivided 

into  controllable  and  uncontrollable  variables.  "Endogenous 

variable?  arc  the  dependent  or  output  variables  of  the  system 

and  are  generated  from  the  interaction  of  the  systems  (model's) 

4 

operating  characteristics."  Endogenous  veriables  are  synenomous 
with  the  decision  variables  in  this  study.  The  parameters  in 
the  modi.1  a  formulated  below  may  be  thought  of  as  specific  values 
of  the  exogenous  variables.  In  other  words,  the  models  will  be 
solved  with  different  parametric  values.  These  parametric  values 
may  be  thought  of  as  "snapshots"  or  a  specific  value  of  an 
exogenous  variable. 


3 

Thomas  H.  Naylor,  Joseph  L.  Balintfy,  Donald  S.  Burdick, 
Kong  Chu,  Computer  Simulation  Techni qu''s ,  (New  York:  John  Wiley 
ft  Sons,  Inc.,  1967),  p.  10. 

4Ibld,,  p.  11. 


Exogenous  Variable* 

Attention  will  be  focused  first  on  thu  exogenous  variables 
and  in  particular  on  the  uncontrollable  exogenous  variables. 

The  cost  of  movement  between  any  two  given  points  may  be  con¬ 
sidered  an  exogenous  uncontrollable  variable  which  is  a 
function  of  many  other  uncontrollable  variables. 

There  are  many  variables  which  affect  the  cost  of  movement. 
These  variables  may  be  divided  into  two  categories— those  which 
are  concerned  with  the  characteristics  of  the  commodity  being 
moved  and  those  which  are  concerned  with  the  route  over  which 
the  movement  will  take  place.  The  following  commodity  charac¬ 
teristics  all  have  an  effect  on  the  cost  associated  with  the 
movement  of  c  particular  commodity,  loading  characteristics, 
susceptibility  to  loss  and  damage,  volume  of  traffic,  regularity 
of  traffic,  and  the  nature  of  equipment  required.  The  following 
route  characteristics  also  directly  affect  the  cost  of  move¬ 
ments  distance,  operating  conditions  such  as  geographical  ar.d 
weather  factors,  and  traffic  density.^ 

Another  exogenous,  uncontrollable  variable  is  the  demand 
for  transportation  between  points.  While  it  may  be  true  that 
individual  carriers  can  affect  the  dcoand  for  their  services  over 


'See  for  Instance,  Ccrnnne,  Glaskowsky  and  llcskett,  op .  c.  1 1 , , 
Chapter  4. 
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time,  the  short-run  nature  of  the  study  has  the  effect  of  fixing 
the  demand  for  the  carriers  involved.  The  same  is  true  for  the 
amount  of  traffic  which  must  be  allocated  to  one  mode  or  the 
other  due  to  shippers'  logistics  constraints. 

It  sh  . uld  be  pointed  out  that  the  nature  of  this  analysis, 
being  a  (very)  ahort-run  economic  analysis,  has  the  effect  of 
adding  certain  variables  to  the  list  of  uncontrollable  exogenous 
variables  which  over  a  longer  time  period  would  be  controllable 
variables.  The  short-run  analysis  also  ha3  the  effect  of  more 
or  less  "fixing"  these  variables  at  the  values  they  have  assumed 
at  the  "moment"  of  observation. 

The  controllable  exogenous  variable  in  the  analysis  is 
the  schedule  of  carrier  operations.  This 'variable  is  a  function 
of  both  cost  and  demand.  For  instance,  rail  management  may 
institute  a  policy  of  moving  freight  only  when  the  train  reached 
100  cars  (approximately).  This  may  have  the  effect  of  limiting 
service  for  a  certain  community  to  once-por-day  service.  In 
essence  the  scheduling  activities  of  the  carriers  create  the 
amount  of  capacity  which  is  aval labia  at  each  point  for  move¬ 
ments,  although  total  capacity  is  fixed. 

Endogenous  7  rl ables 

The  models  for  the  single  medal  companies  and  the  transpor¬ 
tation  company  which  will  be  presented  in  the  next  section,  produce 
a  number  of  endogenous  or  d'T  jnicn  vnrJ  abler- .  These  variables 
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origina  and  destinations  by  truck,  rail,  or  piggyback,  and  the 
amount  of  capacity  the  carriers  will  allocute  to  the  various 
origins.  The  rate  at  which  carriers  price  their  services  to 
shippers  is  also  an  endogenous  variable,  although  the  levels 
rates  can  assume  are  bounded  by  regulatory  restrictions  as  will 
be  explained  in  the  next  section. 

The  rate  shippers  are  charged  is  dependent  upon  the  co9t 
functions  of  the  carriers.  The  rate  between  two  pointc  Is 
dependent  not  only  upon  the  commodity  and  route  characteristics 
of  the  movement  but  is  also  dependent  upon  the  competitive  nature 
of  the  movement.  As  will  be  discussed  below,  carrlf,-*»  have  a 
certain  amount  of  leeway  in  pricing  their  services  when  con¬ 
fronted  with  competition. 

The  amount  of  Cwt.  moved  between  origins  and  destinations 


by  each  of  the  methods  of  movement  is  dependent  upon:  (1)  the 
demand  for  transportation;  (2)  the  amount  of  traffic  which  is 
constrained  to  move  by  each  mode  due  to  shippers'  logistics 
constraints;  (3)  the  amount  of  capacity  carriers  allocate  to  each 
origin;  (4)  and  the  manner  in  which  shippers  select  the  modes 
for  traffic  which  is  r.ot  constrained,  i.e.,  competitive  traffic. 

The  equipment  allocation  decisions  of  the  carriers  is  dependent 
upon  the  amount  of  contribution  to  fixed  and/or  common  costs 
including  profit  allowance  each  movement  makes.  That  is  the 
carriers  will  allocate  their  equipment  in  such  a  manner  as  to 
maximize  their  expected  contribution.  The  e::pu:.ud  contribution 

i 
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la  dependent  upon:  (1)  the  forecasted  desand  between  origin  and 
destination  pairs;  (2)  the  cost  characteristics  of  the  move¬ 
ments;  (3)  the  aaount  of  traffic  constrained  for  each  node  by 
shippers* logistics  systems;  and  (4)  the  competitive  nature  of  the 
movements. 

The  Decision  Environment 

From  the  discussion  in  the  preceding  section  it  is  apparent 
that  the  decision  process  of  the  carriers  and  shippers  are  inter¬ 
active  to  a  large  degree.  The  nature  of  this  decision  environ¬ 
ment  will  be  explained  in  detail  in  this  section. 

The  decision  environment  within  which  the  shippers  and 
carriers  operate  can  be  viewed  as  a  constrained  minimization 
problem  which  interacts  with  a  constrained  maximization  problem. 
In  other  words,  shippers  will  choose  the  least  cost,  aB  measured 
by  rate,  method  of  movement  between  two  points  given  that  this 
method  does  not  violate  the  shippers'  logistics  constraints. 
Operating  within  this  decision  framework,  the  carriers  will 
attempt  to  maximize  their  contribution  to  fixed  and/or  common 
costs  including  profit  margin  by  allocating  their  equipment  to 
the  most  "profitable"  route  segments.  The  amount  of  capacity 
available  tv  shippers  at  sach  origin  then  is  dependent  upon  the 
equipment  allocation  decisions  of  the  carriers. 


'*r?trrvTr"tpn-T 


Identification  of  the  Symbolic  Termlnolot 


The  nature  of  these  interactive  decision  processes  will 
be  examined  in  detail  following  the  Identification  of  the  neces- 
ear y  symbolic  terminology. 

Let  be  the  number  of  hundred  weight  (Cwt.)  moved  from 
point  j  to  point  k  by  mode  i.  The  designator  i  equals  1  when 
the  movement  is  by  common  carrier  truck,  2  when  the  movement  is 
by  Plan  I  piggyback,  3  when  the  movement  i3  by  Plan  II  piggyback, 
and  4  when  the  movement  is  by  rail.  The  designator  j  represents 
origins;  k  destinations.  Thus  the  variable  would  indicate 
the  number  oi  Cwt.  n^ved  from  A  to  B  by  truck.  In  other  words, 
the  are  the  decision  variables  which  in  the  solution  will 

indicate  how  much  product  will  be  moved  by  what  modes  between 
given  points  to  satisfy  demand. 

Let  r .  be  the  rate  per  Cwt.  charged  by  a  carrier  for 

1  J«C 

moving  the  product  between  j  and  k  by  mode  i.  Similarly,  let 
^ijk  k®  ^'c  °ut-of-pocket  cost**  to  the  carrier  for  moving  the 
product  between  j  and  k  by  mode  i.  The  i's,  j's,  and  k's  are 
defined  as  above. 

Let  represent  the  demand  in  Cwt.  for  transportation 
aervice  befeen  the  two  points  j  and  k. 

Y^  is  the  capacity  in  Cwt.  allocated  by  mode  i  for  move¬ 
ments  between  j  and  k.  Y^^  ^2jk  *S  t',c  £lTr‘ount  0 £  single 


Supra ,  chapter  1,  p.  7. 
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nodal  truckirg  capacity  available  for  over-the-road  and  Plan  I 
piggyback  motements,  respectively.  i»  the  amount  of  rail 

owned  trucking  capacity  available  for  Flan  II  piggyback  oove- 
nents.  Y^  Is  the  amount  of  rail  capacity  allocated  for 
movements  between  j  and  k.  is  the  {-mount  of  flatcar  capacity 
which  the  railroad  has  available  for  both  types  of  piggyback 
movements.  the  amount  available  for  Plan  I  coves  is  equal 
to  F  -  EEY  .  That  is,  the  railroad  does  not  have  to  provide 

"  If, 

flatcars  for  Plan  I  moves.  The  railroad  will  only  do  so  if  it 
is  not  using  all  flatcar  capacity  for  Plan  II.  FR  and  F^,  will 
also  be  expressed  in  Cwt.  capacity  available  by  multiplying  the 
number  of  flatcars  available  by  the  capacity  of  two  standard 
truck  trailers. 

W.,  will  be  the  amount  of  traffic  which  must  be  loaded 

into  truck  trailers,  either  rail  or  truck  company  trailers,  at 

j  movement  to  k.  This  is  the  quantity  of  product  for  which 

shippers'  logistics  systems  are  set  up  for  trucking  operations 

only.  In  other  words,  some  shippers  only  have  terminal  facilities 

for  truck  trailers.  Similarly  U.,  is  the  amount  of  Cwt.  which 

JK 

must  be  shiped  by  rail  due  to  some  shippers'  logistics  constraints, 
between  j  and  k, 

2 ,,  is  the  amount  of  product  which  must  be  moved  between 
jk 

points  j  and  k  by  the  truck  ovcr-thc-road.  This  quantity  may 
bo  thought  cf  as  the  ar.cur.t  of  traffic  which  must  be  moved  faster 
than  wh.it  the  rail  or  piggyback  modes  car.  offer.  Again  this  is 
a  login  lr.nl  constraint  of  the  nui poors  which  r  r.t  be  satisfied. 
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The  Shippers*  Dilemma 

The  nature  of  the  problem  which  shippers  face,  that  of 
choosing  a  method  of  movement,  is  a  constrained  minimization 
problem  which  fits  within  the  framework  of  linear  programming. 

In  other  words,  after  the  carriers  have  made  their  equipment 
allocation  decisions,  the  shippers  must  choose  how  to  move  their 
products.  The  linear  programming  formulation  for  the  shippers' 
selection  amcng  alternative  modes  when  faced  with  a  system 
of  single  modal  carriers  is  presented  belov. 


Shippers'  Modal  Selection  Model 
When  Faced  With  Single  Modal  Carriers 

Min  Z  -  ^(rljkXljk  +  r,jkX2jk  +  r3jkX3j/.  +  r, jkX4Jkl 


Subject  to. 

Demand  satisfaction 

(1) 

X,  tl,  +  X...  +  X,,.  +  X. ,, 
Ijk  2jk  3jk  4jk 

B  djk  for  all  j  and  k 

Capacity  constraints 

(2) 

Xljk  +  X2jk 

5  Yljk  +  Y2Jk  for 

all  j 

O) 

*FR 

(4) 

S  h  ' 

(5) 

X3jk 

;  Y3Jk  for  ,11  j 

and  k 

(6) 

X4jk 

f  Y4jk  tor  all  J 

and  k 

[  ! 
V  J 
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(7) 

(8) 
(9) 


Logistics  systems  constraints 

+  X2Jk  +  X3jk  *  V  £0t  *U 

X4Jk  *  V  f0t  *U 

>  z3k  for  .11 


i 

i 

j 


and  k 
and  k 
and  k 


The  different  modes  of  transportation  have  different  cost 
characteristics  which  are  reflected  in  rates  in  the  objective 
function.  Faced  with  these  sets  of  rates,  shippers  will  allocate 
their  traffic  to  the  low  cost  mode,  given  that  their  logistics 
system  does  not  constrain  their  choice. 

The  demand  satisfaction  constraints— equation  (1) — insure 
that  demand  is  met  providing  the  carriers  have  provided  adequate 
transport  capacity  at  the  various  points— equations  (2),  (3), 

(4),  (5)  and  (6).  If  the  carriers  do  not  provide  enough  capacity 
at  each  origin,  there  nay  be  no  feasible  solution  to  the  above 
problem.  In  other  words,  the  demand  for  total  transportation 
services  may  not  be  satisfied  between  all  origins  and  destinations, 
if  the  carriers  do  not  allocate  their  equipment  in  such  a  manner 
to  make  demand  satisfaction  possible.  The  manner  in  which  carriers 
make  their  e jUipncnt  allocation  decisions  will  be  discussed  in 
the  following  section  of  this  chapter. 


1 
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Equations  (7),  (8)  and  (9)  constrain  the  solution  to  be 
compatible  with  logistics  systems  of  the  shippers.  Equation 

(7)  indicates  that  certain  shippers  have  logistics  systems  which 
are  capable  of  handling  only  truck  trailers,  although  a  decision 
must  be  made  as  to  how  to  move  the  goods — by  truck,  Plan  I  or 
Plan  11  piggyback.  Equation  (9)  Indicates  some  shippers  must 
have  their  product  moved  by  truck  ‘or  speed  of  delivery.  Equation 

(8)  indicates  some  product  must  be  moved  in  rail  boxcars  again 
because  of  shipper  logistics  systems  demands. 

Similarly,  the  linear  programming  fomulation  for  the 
shippers1  selection  among  alternative  nodes  when  faced  with  a 
transportation  company  consisting  of  the  same  two  modes  is 
presented  below. 

Shippers’  Modal  Selection  Model  When 
Faced  With  Transportation  Company 

Min  Z  -  ^ir1JkX1;jk  +  r3jky-3jk  +  r4jkX4j’J 

Subject  to; 

Demand  satisfaction 

Xl)k  +  X3jk  +  X4jk  '  V  £°r  a11  3  ‘ni  k 
Capacity  constraints 

+  Y,,.  for  all  j  and  k 
3jk  J 


(D 


l 

(2) 

X  +  Y 

ljk  A3jk 

^YJ 

j 

0) 

^3Jk 

<  F 

1 

(A) 

X.,,  ^  Y 
Ajk 

A  jk 


for  all  j  and  k 


I 

t 


Logistics  «yiim  eoiiftriisiia 

*ijk  ¥  X5Jh  -  Wjk  £or  *U  *  *nd  k 

**Jk  *  yjk  £or  *U  ^  *°d  k 

Xjjj,  l  tot  all  J  and  k 

x»jk  ►  0 


TIiIa  forsuletion  Is  very  similsr  to  that  of  the  two  aodal 
H***Uitvo  a w 1 .  One  fc* J ot  difference)  however,  is  that  the 
Hi  of  decision  variable*  and  Y^  ere  ebeent  in  the  nodal, 
fkie  erlee*  Hc*u*e  i.Ue  transportation  coupany  owns  both  nodes 
|o  thst  Piftt  I  piggyback  Is  Identical  to  Plan  II  piggyback. 
Perhaps  n  new  noutieri  cguld  be  developed  'or  this  type  of  piggy¬ 
back  tu'iVtMr.t,  but  to  k«#p  the  Interpretation  of  symbols  as  easy 
as  possible  will  be  used  to  indicate  4  piggyback  movement 
by  th#  transportation  company, 

kjuaUons  (1),  (2),  (3)  and  (4)  serve  the  same  purpose  as 
In  the  single  modal  eoif.potlUvo  Eodel,  that  is  to  inaure  that 
dHaitd  Is  satisfied  If  there  is  adequate  capacity  available. 
I^uatlons  (5),  (6)  and  (7)  constrain#  the  solution  to  be  com¬ 
patible  with  shippers'  logistics  demands. 


Th<*«u  l,.ina»'  pt^ijiams  buenuee  of  their  structure  have  trivial 
solnil'MiH,  *1  lin  nululiuiie  to  the  proi'ra:.;'j  will  always  involve: 
lliippurn'  choosing  thu  low  cost  mode  of  transport  cl  ton  given 
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thls  is  not  incompatible  with  their  respective  logistics  systems 
snd  providing  that  carriers'  allocate  their  equipment  in  such  a 
manner  that  ♦'his  is  possible.  This  fact  will  simplify  the  formu¬ 
lation  of  the  simulation  model. 


The  Carriers'  Equipment  Allocation  Dilema 

The  above  discussion  of  the  shippers'  dilemma  is  but  one 
part  of  the  total  decision  environment  in  which  the  carriers  and 
shippers  operate.  This  section  will  focus  attention  on  the  nature 
of  the  problem  the  c;  triers  face. 

If  a  transportation  company  is  to  create  any  economic  benefits, 
it  must  be  able  to  offer  transportation  services  at  the  same  or 
lower  rate  to  shippers  while  maintaining  or  improving  upon  the 
profitability  which  single  modal  firms  could  obtain.  As 
mentioned  previously,  this  would  be  possible  if  the  transpor¬ 
ts  .Ion  company  could  achieve  economics  of  scale  and/or  if  the 
allocation  of  equipment  by  the  transportation  company  results 
in  greater  total  profits  than  the  manner  in  which  the  single 
modal  companies  allocate  their  equipment. 

If  the  allocation  of  equipment  to  origins  Is  different 
between  the  two  organizational  forma,  i.c.,  single  modal  carriers 
vis-fc-vis  a  transportation  company,  *his  will  have  an  rffect  on 
the  profitability  of  the  Lwo  forms  ns  veil  ou  on  the  price  paid 
for  tranopi/i  tation  services  by  users.  In  the  single  nodal 
situation  LI’.c  trader  and  the  railroad  both  mahe  independent 
equipment  allocation  dec.  is  inns.  Jim  trudor  decider,  lit/.;  .such 


dec.  is  I  ens  . 


.such 


-38- 


trucking  capacity  ta  allocate  each  origin  fqr  trucking  move¬ 
ments  and  Flat  I  piggyback  movements.  Similarly,  the  railroad 
Independently  decides  the  amount  of  boxcar,  rail  owned  truck 
trailers,  and  flatcar  capacity  to  allocate  to  each  or'lgin.  The 
transportation  company,  on  the  other  hand,  makes  capacity  allocations 
aa  a  single  "profit  center"  which  may  result  in  different  capacity 
allocations  to  the  origins  than  those  that  the  single  modal  carriers 
make.  This  situation  ie  displayed  graphically  in  Figure  1. 

Figure  1.  Structure  of  Equipment  Allocation  Decisions 


of  service  of  equipment 

Single  Modal  Case 


shipper  choice  carrier's  allocation 

of  service  of  equipment 


Transportation  Company 
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resulting  from  Plan  I  piggyback  movements,  "  ^3jk^3jk 

and  (r,„  -  t,,,  )Y,„  are  the  rail  expected  contributions  from 
4jk  4jk  4jk 

Plan  II  piggyback  and  boxcar  movements. 

Operating  within  the  framework  of  the  second  linear  program, 
the  transportation  company  also  wishes  to  Maximize  the  contri¬ 
bution  to  fixed  and/or  common  costs  and  profit  margin.  Mathe¬ 
matically,  the  transportation  company  wishes  to  maximize 

“£(rijk  '  Cijk)Yijk 

To  accomplish  these  objectives  the  carriers  must  determine 
where  to  allocate  their  equipment.  The  carriers  are  constrained 
by  the  total  amount  of  equipment  (capacity!1  they  own  and  by  the 
logistics  constraints  of  the  shippers.  Coacommitant  with  their 
resource  allocation  decisions  the  carriers  must  also  determine 
what  rate  they  should  charge  shippers  to  use  their  services. 


The  carriers1  Pricing  Dilemma 

This  section  will  outline  the  nature  of  the  carrier  pricing 
dilemma  and  indicate  what  leeway  carriers  have  in  pricing  their 
services. 

In  general,  because  the  tv/o  modes  have  different  cost  charac¬ 
teristics,  i.c.,  before  differing  amounts  of  fixed  and  variable  costs,  'he 

out-of-pochct  costs  and  fully  distributed  :osts  for  the  modes 

7 

will  differ  for  a  given  origin  3nd  destination  pal::.  Because 


yA  full  explanation  of  the  differences  i r.  the  cost  character¬ 
istics  of  the  truck  and  rai  l  nvdnv  ill  be  prc'iu./.i  d  in  (.hap ter 
III  (ini  tv.,  63  ) .  The:  Jl-vnsion  ineiu  :!•*.<  a  description  of 
the  para: idea's  which  ait-.-et  Inc-  cost  0.  .  o  ■.  at . 


Che  coses  of  Che  modes  will,  in  general,  be  different  for  the 
movement  of  the  average  product  between  two  points,  one  needs  a 
pricing  or  rate  caking  scheme  to  determine  the  price  of  transpor¬ 
tation  services  between  vario'  s  points.  To  be  consistent  with 
current  transportation  policy  in  this  matter,  the  following 
price  setting  mechanise  will  be  utilized. 

When  the  out-of-pocket  costs  of  the  high  cost  carrier  are 
less  than  the  full  costs  of  the  low  cost  carrier,  the  full  costs 
of  the  low  cost  carrier  will  be  the  allowable  floor  for  the  rate. 
This  statement  is  illustrated  in  Figure  2(a).  In  other  words, 
the  high  cost  carrier  may,  if  he  wishes,  price  his  service  at 
the  full  costs  of  the  low  cost  carrier  but  no  lover. 

The  high  cost  carrier  may  also  price  Ills  services  at  hie 
full  costs.  It  nay  appear  that  there  is  no  choice  for  the  high 
cost  carrier  but  to  price  his  services  at  the  level  of  the  full 
costs  of  the  low  cost  carrier.  This  is  r.ot  the  cose  however, 
Between  any  two  given  points  the  high  cost  carrier  may  have  sold 
his  services  to  some  shippers  on  the  basic  of  lower  total 
logistics  costs  for  the  shippers  even  though  their  transportation 
costs  may  be  higher  than  need  he  the  case,  in  other  words, 
transportation  costs  are  but  one  of  the  co9ts  Involved  in 
accomplishing  the  logistics  function.  Some  shippers  may  elect 
for  Instance  to  trade-off  higher  transportation  costs  for  Lower 
inventory  costs,  and  so  forth.  In  the  models  developed  in  the 
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previous  section,  these  situations  were  incorporated  in  the 
logistics  constraints  which  force  a  certain  amount  of  traffic  to 
aove  by  some  modes  regardless  of  which  is  the  low  cost  mode. 

In  light  of  this,  the  high  cost  carrier  will  price  his 
services  at  cither  his  full  costs  or  at  the  low  cost  carriers' 
full  costs  depending  upon  which  price  contributes  the  most  to 
profit.  If  services  arc  priced  at  the  same  level  the  traffic 
between  those  points  will  be  arbitrarily  split  equally  between 
the  node9.  The  high  co9t  carrier  will  then  exaoina  how  much 
traffic  the  logistics  constraint  requires  be  moved  by  his  mode 
and  the  amount  he  estimates  he  ceuld  obtain  by  pricing  at  the 
low  cost  carrier's  full  costs.  The  high  cost  carrier  will  ther. 
determine  under  which  price  his  contributian  to  profit  and  fixed 
costs  will  be  largest  and  will  accordingly  price  his  services  at 
that  rate. 

When  the  out-of-pocket  costs  of  the  high  cost  carrier  between 

two  points,  i9  greater  than  the  full  costs  of  the  low  cost  carrier, 

as  depicted  in  Figure  2(b)  the  full  costs  of  the  respective  modes 

will  serve  os  their  rates  between  two  points.  This  is  so  because 

it  has  been  assumed  that  the  I.C.C.  will  allow  a  specific  rate  of 

9 

return  on  each  movement  between  all  points.  The  I.C.C.  would 

- 

In  practice,  the  I.C.C.  does  not  attempt  to  control  the  rate 
of  return  on  each  commodity  between  every  origin  and  d-stinati on. 
The  I.C.C,  dees  attempt  to  centiol  the  rate-cf-n  turn  ,'  :r  carriers 
in  the  aggregate,  considering  all  movements  of  all  ccr.mo.li tins . 
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Figure  2.  Restrictions  on  Carrier  Pricing  Decisions 
(a)  Allowable  Floor  for  Ratos 
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(b)  Allowable  Ceiling  for  Rates 
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control  the  rate  of  return  by  specifying  or  controlling  the  average 
operating  rat  ios  of  the  tr.cdcs. 


„ - - - * - „h 


The  Simulation  Model 

The  economic  evaluation  of  a  transportation  company  versus 
an  independent  trucker  and  railroad  which  will  be  undertaken  in 
this  study  is  based  upon  the  simulation  of  the  interactive 
decision  environment  just  described.  In  the  preceding  sections 
of  this  chapter,  all  of  the  components  needed  to  "construct" 
the  simulation  model  have  been  presented.  This  section  will  bring 
the  component  parts  of  the  simulator  together  and  explain  how 
the  simulation  was  undertaken. 

The  simulator  a  the  single  modal  carriers  and  the  transpor¬ 
tation  company  which  was  developed  indicates  how  the  firms  should 
price  their  service  and  how  they  should  allocate  their  equipment 
based  on  the  criterion  that  each  firm  wishes  to  maximize  its 
contribution  to  fixed  and/or  common  costs  including  a  profit 
margin.  Solutions  of  the  simulation  model  were  generated  for 
differing  levels  of  the  parameters  which  will  be  described  in 
Chapter  III,  The  solutions  to  the  simulator  m3y  be  thought  of 
as  a  sensitivity  analysis  on  the  cost  coefficients  in  the 
objective  functions  of  the  carriers,  the  level  of  logistics 
constraints,  and  on  carrier  capacity.  More  detail  on  the  type 
of  analysis  that  was  performed  is  also  presented  in  Chapter  III. 

Tills  approach  requires  that  the  carriers  know  the  full  costs 
(rate)  of  the  low  cost  n.cdc  and  their  own  respective  costs.  This 
is  reasonable  In  that  the  rate  of  the  low  cost  carrier  will  be 
published  ia  .accordance  with.  I.C.C.  precc  c!  ar-:'; .  The  approacl 
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also  requires  that  each  node  knows  how  much  traffic  is  committed 
to  each  mode  for  movement  due  to  shippers'  logistics  constraints 
and  alternatively  how  much  traffic  in  each  route  segment  is  subject 
to  interncdal  competition.  This  is  not  unreasonable  providing 
the  carriers  have  alert  marketing  research  departments. 

The  same  simulator  can  be  utilized  to  determine  the  equip¬ 
ment  allocation  and  pricing  decisions  of  both  the  single  modal 
carriers  and  the  transportation  company.  The  manner  in  which 
the  algorithm  is  applied  varies  slightly  for  the  two  organi¬ 
zational  approaches,  however  as  will  be  explained.  To  determine 
equipment  allocation  and  pricing  decisions  of  the  single  nodal 
carriers,  the  algorithm  is  first  solved  for  a  given  set  of 
parameters  for  the  rail  mode  then  proceeds  to  the  trucking  node. 

The  simulator  will  now  be  explained  iu  detail.  The  inde¬ 
pendent  railroad  first  determines  the  full  costs  of  making  rail 
boxcar.  Plan  I,  and  Plan  II  piggyback  movements  for  each  route 
segment  in  the  transportation  system.  The  rail  carrier  then 
examines  each  route  segment  to  determine  i:  one  of  the  methods 
of  movement  he  controls  (rail.  Plan  1  or  II)  is  the  low  cost 
method  on  each  segment.  For  those  route  segments  where  he  docs 
not  control  the  low  cost  method,  he  determines  if  he  can  price 
the  services  of  one  of  his  methods  at  the  full  cost  of  the 
trucker . 

Once  the  railroad  ck  Lcrrsir.es  where  ho  can  compete  for  uncon¬ 
strained  or  crv.p.H  iti vc  traffic,  ho  estimates  how  much  of  that 


1 
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rate  and  determine  which  method  cade  the  greatest  contribution. 

Once  the  estimated  contributions  for  each  route  segment  have 
been  completed,  the  railroad  ranks  the  expected  contributions. 

This  ranking  determines  the  most  profitable  manner  of  pricing  and 
equipment  allocation  for  the  carrier.  The  carrier  will  allocate 
his  equipment  beginning  with  the  most  profitable  expected  contri¬ 
bution  and  proceed  to  allocate  his  equipment  down  the  rank  until 
his  capacity  if  exhausted.  It  should  be  remembered  at  this  p_int 
that  it  has  been  assumed  that  shipments  subject  to  logistics 
constraints  will  be  satisfied  first. 

.  Since  the  algorithm  was  accomplished  for  the  rail  carrier 
first,  the  routine  will  now  be  run  for  the  trucker,  for  a  compatible 
set  of  parameters.  Before  the  trucking  routine  is  accomplished, 
however,  the  amount  of  flatcar  capacity  the  railroad  will  offer  to 
the  trucker  must  be  determined.  If  the  rail  carrier  has  used  all 
its  flatcar  capacity,  the  trucker  will  be  pre-empted  from  partici¬ 
pating  in  Plan  I  moves.  If  the  rail  carrier  has  some  flatcar 
capacity  left,  this  amount  will  be  made  available  for  the  trucker 
in  case  he  should  find  it  desirable  to  use  Plan  I  piggyback  move¬ 
ments.  The  simulation  of  the  truckers  decisions  arc  analogue.-, 
to  these  of  the  railroad  and  therefore  need  not  he  repealed. 


The  algorithm  for  the  transportation  company  differs  slightly 
from  the  one  presented  for  the  single  modal  carriers.  First, 
the  transportation  company  would  not  have  to  estimate  how  much  of 
the  competitive  market  it  could  obtain  for  each  method  of  movement. 
The  company  would  only  have  to  estimate  tha  total  size  of  the 
market,  as  do  the  single  modal  carriers,  but  would  then  determin’ 
how  to  most  "profitably"  move  that  traffic  since  it  controls  all 
methods  of  movement.  Also  the  additional  bookkeeping  of  determining 
how  much  flatcar  capacity  is  available  for  Plan  I  piggyback  movw 
Is  eliminated. 

This  section  does  not  complete  the  discussion  on  the  simulation 
model.  In  fact  this  section  has  presented  just  the  skeletal 
framework  cf  the  simulator  upon  which  the  following  two  chapters 
will  expand.  Chapter  III  presents  a  detailed  discussion  which 
focuses  on  the  test  factors  which  will  be  analyzed  and  describes 
how  the  cost  data  was  generated.  Chapter  IV  describes  the  per¬ 
formance  measures  used  to  evaluate  the  output  of  the  simulatic 
and  discusses  the  nature  >f  the  experimental  design  utilized  in 
the  study.  It  is  only  after  these  chapters  have  been  read  that 
the  reader  will  have  a  full  understanding  of  the  nature  of  the 
simulator  utilized  in  this  project. 
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CHAPTER  III 


specification  of  the  model 


The  preceding  chapter  presented  and  described  the  nature  of 
the  simulation  model  which  will  be  utilized  to  determine  the  effects 
selected  test  factors  have  on  the  economic  performance  of  a  transpor¬ 
tation  company  in  contrast  with  that  of  two  single  modal  carriers. 

The  description  of  the  simulation  model  was  very  general  in  nature, 
however.  The  parameters  which  the  model  manipulates  to  arrive  at  a 
solution  were  identified  but  only  in  an  overview  fashion. 

The  purpose  of  this  chapter  is  fourfold.  First,  the  chapter 
will  focus  attention  upon  the  specification  of  the  test  factors 
sel  cted  to*-  analysis  and  will  explain  how  those  factors  effect  the 
parameu .c  values  in  the  simulator.  The  discussion  of  this  portion 
of  the  chapter  will  include  the  reasoning  behind  the  selection  of  the 
test  factors  as  well  as  the  identification  of  the  specific  values  of 
the  factors.  The  second  objective  of  this  chapter  is  to  identify  the 
other  crpecifir.s  of  the  model.  In  this  section  of  the  chapter  the 
random  components  of  the  model  will  be  specified  and  the  values  of 
these  random  variables  will  be  identified.  This  section  will  also 
describe  the  shippers'  modal  selection  policy  that  will  be  used  by 
the  shippers  ;'n  the  model.  Thirdly,  the  manner  in  which  the  costing 
data  will  be  generated  for  use  in  the  simulation  model  will  be  identified. 
The  test  factors  which  affect  the  cost  of  movement  >.* j  1 1  also  be 
identified,  and  the  nature  of  the  functional  relationship  between 
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cost  of  movement  and  test  factor  values  will  be  explained.  Finally, 
the  transportation  system  which  was  modeled  will  be  presented. 

Classification  of  the  Test  Factors 
The  parameters  which  affect  a  carrier'*  economic  posture  may 
be  classified  as  environmental,  commodity,  and  route  factors.  There 
are  many  environmental  factors  which  could  affect  the  economic  well 
being  of  a  carrier.  For  the  purpose  of  discussion,  the  environ¬ 
mental  factors  may  be  divided  into  two  groups — managerial  and 
geographical  factors. 

Managerial  factors,  such  as  the  competence  of  personnel,  organi¬ 
zational  effectiveness,  and  management-labor  relations,  are  concerned 
with  the  managerial  effectiveness  of  a  carrier.  These  environmental 
factors  will  not  be  directly  considered  In  the  inalysis  because  the 
transportation  company  and  the  single  modal  carriers  which  will  be 
compared  have  been  assumed  to  be  able  to  achieve  their  objectives 
of  maximizing  their  respective  contributions  to  fixed  and/or  common 
costs  including  profit  margin.  Thus  the  competence  of  personnel, 
organizational  effectiveness,  and  so  forth  Oi  both  organizational 
forms,  i.e.,  a  transportation  company  vis-d-vis  single  modal  carriers, 
have  been  implicitly  assumed  to  be  of  equal  effectiveness,  "he 
validity  of  this  assumption  will  be  discus:.  ;d  at  length  in  Chapter  VI. 

Geographical  factors  such  as  weather  or  climate  conditions  and 
the  geographical  terrain  over  which  a  carrier  operates  arc  concerned, 
as  the  name  implies,  with  the  geographical  environment  of  a  carrier's 
route  structure.  Since  the  railroad  ar.d  trucking  comp  my  and  the 
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triniporution  company  will  operate  over  the  sane  route  system  these 
factors  will  not  be  directly  considered  In  the  comparison  between 
these  organisational  alternatives.  That  la,  the  operations  of  the 
two  single  nodal  firms  will  be  compared  with  the  operations  of  a 
transportation  company  which  haa  the  ease  route  structure  and  hence 
would  face  the  sans  climatic  and  geographical  conditions.  These 
environmental  factors  will  ba  considered  Indirectly,  however,  as  such 
factors  would  affect  the  cost  of  movement  over  the  route  system  of 
the  carriers, 

Commodity  factors  are  characteristics  of  the  goods,  which  cv«nte 
differences  In  the  costs  of  movement.  For  Instance,  one  clasu 
goods  cay  have  loading  characteristics  which  would  require  special 
handling  .uniques  vlilch  would  require  additional  labor  nr  capital 
outlaye  by  the  carrier  thus  affecting  the  cost  of  movement,  As  mentioned 
in  Cltapicr  11,  commodity  factors  will  not  be  addressed  in  the  study. 

Tills  is  because  the  rail  and  truck  modes  have  literally  thousands  of 
commodities  many  which  have  characteristics  which  affect  the  cost 
of  movement.  If  one  were  to  consider  a  number  of  commodities,  the 
number  of  decision  variables  developed  in  the  previous  chapter  would 
have  to  be  multiplied  by  the  number  of  commodities  considered.  Thus 
fit  the  soke  of  simplicity  the  study  will  concentrate  on  the  "average 
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commodity  subject  to  intcrmodal  competition  for  movement."  While  j 

1 

thin  fiinplificatlc..  cay  effect  the  generality  of  the  results  of  j 

the  study  to  some  extent,  the  object  of  the  study  is  to  obtain  a  broad  | 

picture  of  the  effect;;  of  the  factors  consider..;]  rather  than  to  ccr.-  | 

I 

cent  rate  on  ;;;xjclfic  r.o  venoms  of  certain  J  tier;.  j 
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Furthermore  this  simplification  nay  no:  be  as  serious  as  It  first 
appear  .  For  Instance  It  Is  not  likely  that  the  commodity  charac¬ 
teristics  of  a  shipment  of  canned  corn  differs  substantially  from  a 
shipment  of  canned  motor  oil.  Nor  is  it  likely  that  the  characteristics 
of  stoves  differ  substantially  from  those  of  washing  machines.  In 
other  words,  there  are  classes  of  goods  for  which  the  commodity 
characteristics  are  substantially  the  same.  In  fact,  the  classi¬ 
fication  of  goods  into  a  relatively  snail  number  of  groups  is  the 
starting  point  for  the  carriers  rate  determination  process. 

That  is,  each  of  the  hundreds  of  thousands  of 
shippable  commodities,  ranging  from  aardvarks 
to  zymometers,  is  placed  (classed  or  classified) 
in  some  one  of  a  relatively  small  number  of  "classes". 

Then  instead  of  shipping  a  commodity,  in  effect  . 
one  ships  a  certain  quantity  ol  a  certain  "class". 

This  fact  would  enable  the  solution  of  the  model  for  "the  average 

commodity  subject  to  internodal  competition"  to  remain  valid  for 

a  number  of  commodities.  A  solution  for  each  specific  class  of  goods 

could  be  obtained  by  using  the  average  costs  applicable  to  that  class. 

While  this  endeavor  should  be  of  interest  to  the  firms  which  may  be 

inteiested  in  forming  a  transportation  company,  this  is  not  necessary 

to  obtain  a  broad  picture  of  the  effects  specific  factors  have  on 

the  operating  characteristics  of  a  transportation  company,  which  is 

the  object  of  this  dissertation. 

Route  factors  may  be  conveniently  classified  into  two  groups 
for  purposes  of  discussion.  Internal  route  factors  arc  those  factors 
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whlch  Che  carriers  can  contolto  some  extent.  Examples  of  Internal 
route  factors  are  carrier  operating  ratios,  load  factors,  and  carrier 
capacity.  External  route  factors  are  those  factors  over  which  the 
carriers  can  exert  little  or  no  Influence.  One  external  route  factor 
would  be  the  level  of  shippers'  logistics  constraints,  Thus, 
examination  of  the  route  factors  lies  at  the  heart  of  the  purpose 
of  this  project.  That  is  the  effect  each  of  these  factors  has  on 
the  operations  of  a  transportation  company  compared  with  the  operations 
of  the  single  modal  carriers  should  indicate  whether  it  is  possible 
for  a  transportation  company  to  achieve  economies  from  the  reallocation 
of  traffic  from  high  to  low  cost  modes.  These  route  factors  are 
the  test  factors  which  will  be  analyzed  in  the  study  to  determine 
the  effect  they  have  on  the  economic  performance  of  the  transportation 
company  and  the  single  modal  carriers. 

Internal  Route  Factors 

The  internal  route  factors  which  will  be  studied  in  this  thesis 
are:  (1)  the  operating  ratios  of  the  composite  single  modal  companies; 
(2)  alternate  levels  of  load  factors  of  these  companies;  (3;  the 
capacity  of  the  carriers;  and  (A)  the  size  of  shipments. 

The  levels  of  the  factors  may  be  considered  to  be  an  upper 
bound  ar.d  a  1  wer  bound  of  the  factors.  It  other  words,  the  value 
of  a  particular  factor  for  most  companies  should  lie  between 
these  bounds.  Tims  the  evaluation  of  the  changes  in  the  level  of 
these  factors  should  provide  insights  as  to  how  these  factors  would 
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affect  the  economic  consequences  of  a  transportation  company  formed 
by  carriers  vith  factors  which  lie  between  these  bounds. 

Carrier  Operating  Ratios 

As  stated  in  Chapter  1,  one  of  the  potential  sources  of 
economies  resulting  from  the  formation  of  a  transportation  company 
is  the  possible  reallocation  of  traffic  from  the  high  cost  mode  to 
the  low  cost  mode  on  a  particular  route  segment.  Examination  of 
carrier  operating  ratios,  both  truck  and  rail,  should  give  Insights 
as  to  whether  or  not  this  is  possible,  The.  operating  katio  is  the 
ratio  of  operating  expenses  to  operating  revenues.  Thus  the  operating 
ratio  of  a  carrier  directly  affects  the  contribution  to  fixed  and/or 
common  costs  including  profit  margin  which  may  influence  the  manner 
in  which  the  carriers  make  equipment  allocation  decisions.  One  would 
be  interested  in  determining  if  a  change  in  the  level  of  the  rail 
and  truck  operating  ratios  causes  the  equipment  allocations  of  the 
transportation  company  to  be  significantly  different  •'  on  the  manner 
in  which  the  single  modal  carriers  allocate  their  eq-  ,jnent.  Another 
question  of  interest  is  whether  a  change  in  the  operating  ratios 
causes  the  contribution  of  the  organizational  alternatives  to  be 
significantly  different.  As  will  be  explained  in  the  next  cl  apter, 
various  perf irmanct.  measures  will  be  calce’atcd  from  the  simul  ti^n 
runs  which  will  be  helpful  in  answering  these  questions. 

The  specific  operating  ratios  which  will  be  considered  arc-  997 
and  917,  for  the  trucking  firm  representing  a  below  average  or  inef¬ 
ficient  carrier  and  a  vail  managed  carrier,  ror.pocli veiy .  The  open; 
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ratios  for  the  rail  mode  will  be  85%  and  65%  representing  an  inef¬ 
ficiently  ana  an  efficiently  managed  carrier.  Within  these  spectrua9 

2 

one  would  find  the  average  carrier. 

Carrier  Load  Factor 

The  load  factor  of  a  carrier  shall  be  defined  to  be  the  average 
payload  transported  over  the  carrier's  route  system.  In  other  words, 
the  load  factor  is  the  average  weight  of  shipments  transported  between 
origins  and  destinations.  The  load  factor  of  a  carrier  directly 
affects  the  cost  of  movement,  as  will  be  explained  In  detail  in  a 
later  section  of  this  chapter.  Thus,  this  factor  should  have  a  direct 
bearing  on  the  manner  in  which  carriers  allocate  their  equipment  and 
on  the  profitability  of  the  firm.  Also  of  interest  would  be  the 
manner  in  which  operating  ratios  and  load  factors  interact  to  affect 


carrier  allocations  and  resulting  profits  and  cost  to  users. 

The  specific  load  factors  which  will  be  analyzed  for  the  trucker  are 
100  Cwt.  and  300  Cvt.  representing  a  low  load  factor  and  a  high  load 
factor,  respectively.  The  load  factors  for  the  railroad  will  be  400  Cvt. 
and  600  Cwt.  representing  a  low  load  factor  and  a  high  load  factor. 


2 

The  average  operating  ratio  for  Class  I  and  II  motor  carriers 
was  96.2%  In  1970.  ("American  Trucking  Trends  1970-71",  op.clt. ,  p.  19). 
The  approximate  average  operating  ratio  of  Class  I  railroads  was  79%  ir. 
1969.  ("Ye£  /book  of  Railroad  Tacts'  ,  397t  Edition,  Economics  6  Finance 

Department,  Association  of  American  Railroads  (Chicago,  Illinois:  April 
1970),  p.  9.) 


The  average  load  factor 
freight  was  264  Cvt.  in  1969. 
ofccU . ,  p.  34.)  ihe  average 


I or  Class  I  motor  carriers  of  general 
("American  Trucking  ; rends  1970-71", 
weight  of  a  carload  of  rail  freight 


was  approximately  328  Cwt. 
•  P-  50. ) 
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Size  of  Shipments 

The  stuay  will  segregate  movements  into  two  categories  truckload 
(TL) /carload  tCl)  movements  and  less-than-truckload  (LTI.)  movements. 

This  distinction  is  necessary  because  the  cost  characteristics  in 
the  Tl/CL  movements  are  different  from  those  of  LTL  movements.  The 
reasons  for  these  differences  as  well  &9  the  nature  of  these  differ¬ 
ences  will  be  explained  in  a  later  section  of  this  chapter. 

TL  and  CL  quantities  shall  be  defined  to  be  shipments  which  are 
capable  of  being  moved  in  either  a  truck  trailer  or  a  boxcar.  In 
other  words,  the  TL/CL  shipments  received  from  the  shippers  are  large 
enough  to  be  transported  by  a  number  of  truck  trailers  or  a  (different) 
number  of  boxcars.  Thus,  TL/CL  shipments  can  be  moved  by  truck, 
piggyback,  or  by  rail,  subject  to  shippers’  logistics  constraints. 

LTL  shipments  are  those  which  are  not  large  enough  to  fill  a 
truck  trailer.  Since  the  railroads  have  phased  cut  there  less-than- 
carload  (LCL)  business,  these  types  of  shipments  are  subject  to  move¬ 
ment  by  truck  or  piggyback  only. 

Capacity  of  the  Carriers 

The  capacity  of  the  carriers  should  also  affect  the  manner  in 
which  the  carriers  make  choir  capacity  allocations  and  thus  affect 
the  profitability  of  firms.  This  factor  t also  affect  the  pric-  user, 
pay  for  transportation  servicer,  like  the  other  factors  discussed,  the 
capacity  of  the  system  will  also  assume  two  levels.  That  is,  the 
system  wide  capacity  of  the  carriers  will  be  studied  for  effects  at 
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tvo  levels.  The  lower  level  of  Che  system  will  be  defined  to  be  that 
combination  of  carrier  capacities  which  is  capable  of  meeting  all  the 
expected  demand  requirements  for  movement  within  the  system.  Whether 
or  not  the  carriers  allocate  their  equipment  in  such  a  manner  as  to 
meet  that  demand  is  subject  to  analysis.  The  upper  level  oi  -vs tern 
capacity  shall  be  defined  to  be  that  amount  of  capacity  owned  by  each 
mode  such  that  no  one  would  add  additional  capacity.  In  an  operational 
sense,  the  upper  level  of  system  capacity  will  be  that  amount  of 
capacity  such  that  each  carrier  is  capable  of  meeting  at  least  all 
the  expected  demand  requirements  within  the  system. 

The  capacities  of  the  carriers  have  been  segregated  into  two 
groups— a  certain  amount  of  capacity  has  been  reserved  for  TL/CL 
movements  ami  a  certain  amount  has  been  reserved  for  LTL  movements. 

In  the  real  world  it  is  very  unlikely  that  a  carrier  would  segregate 
its  equipment  into  such  groups.  This  artificiality  was  introduced 
so  that  the  two  classes  of  movements— TL/CL  versus  LTL — could  be 
studied  separately  to  determine  if  the  different  organizational  approach es 
(transportation  company  versus  single  modal  carriers)  have  significantly 
different  economic  consequences  in  so  far  as  the  two  market  segments 
are  concerned.  Although  the  simulation  could  have  dealt  with  the 
total  carke*  segment  by  using  average  costs  of  movement  including 
both  CL/TL  and  LTL  in  the  save  cost  figure,  tin's  would  have  lest  the 
information  as  to  how  the  organizational  forms  perform  under  the  size 
of  shipment  parameter. 
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The  amount  of  capacity  set  aside  for  each  type  of  movement  by 
the  modes  is  also  sonevhat  arbitrary.  For  instance,  the  specific 
percentage  of  capacity  reserved  for  TL  movements  by  the  trucker  may 
be  relatively  large  as  compared  to  what  one  may  find  in  the  real 
world.  That  is  the  trucking  mode  in  the  simulation  has  reserved  an 
amount  of  capacity  equal  to  that  which  the  railroad  has  reserved 
for  CL  movements.  This  may  indeed  not  be  the  usual  ca9e  in  the  real 
world.  It  must  be  stressed,  however,  that  although  this  capacity 
split  is  arbitrary,  for  comparison  purposes  it  is  consistent.  The 
performance  of  a  transportation  company  will  be  compared  with  the 
performance  of  single  modal  carriers  operating  with  exactly  the  same 
set  of  parametric  and  random  values.  As  will  be  discussed  in  great 
detail  in  Chapter  V,  the  analysis  will  focus  attention  on  whether  or 
not  there  are  significant  differences  in  the  performance  between  the 
two  organizational  approaches,  lienee  it  is  of  greater  Importance 
in  this  study  that  the  parametric  and  random  components  be  internally 
consistent  between  the  approaches  than  is  the  absolute  values  of  the 
parameters.  More  will  be  said  about  this  matter  of  internal  consistency 
in  the  next  chapter. 

Before  proceeding  further,  it  should  be  pointed  out  that  in  practice 
the  rail  node  would  also  not  allocate  a  certain  amount  of  capacity 
for  piggyback  LTL  movements  as  this  study  leas  cone.  Again  this  was 
done  to  determine  if  the  two  transporter  Jen  approaches  v:ould  result 
in  a  different  equipment,  allocation  pattern  and  consequently  result  in 
significantly  ill  ffe runt  economic  const -quencer; . 
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Extemal  Route  Factors 

The  external  route  factor  which  will  oe  studied  in  this  thesis 
is  the  level  of  the  shippers'  logistics  constraints.  The  size 
of  the  shippers'  logistics  constraints  will  also  assume  two  alternate 
levels . 

Shippers'  Logistics  Constraints 

Since  shippers'  logistics  constraints  directly  affect  the  manner 
in  which  carriers  allocate  their  equipment,  this  factor  will  definitely 
affect  the  economic  situation  of  carriers.  It  has  been  assumed  that 
the  logistics  constraints  of  the  shippers  must  be  satisfied.  This  is 
not  an  unreasonable  assumption  given  that  certain  shippers'  logistics 
systems  dictate  the  movement  cf  goods  must  be  allocated  to  specific 
modes.  The  carriers  should  also  be  expected  to  satisfy  a  guaranteed 
market  before  they  would  enter  the  competitive  traffic  market. 

As  was  mentioned  earlier,  the  size  of  these  logistics  constraints 
determine  the  size  of  the  market  which  is  subject  to  movement  by  more 
than  one  mode.  The  second  level  corresponds  to  the  situation  where  the 
logistics  systems  of  shippers  does  not  constrain  the  allocation  of 
equipment  by  the  carriers  to  a  large  extent.  In  other  words,  the 
second  level  of  this  factor  provides  for  most  of  the  market  being 
subject  to  i  .tormodal  competition.  The  first  level  of  this  factor 
constrains  the  solution  along  medal  lines  to  a  much  greater  extent. 
Examination  of  this  factor  should  provide  guidelines  as  to  ur.ccr 

what  competitive  circumstance,  if  any,  a  transportation  company 
would  out  perform  single  medal  companies. 


u 
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Other  Specifics  of  the  Model 

This  section  will  identify  the  randan  components  of  the  r.odel 
end  will  present  the  shipper's  nodal  selection  policy.  There  are 
two  random  variables  incorporated  into  the  simulation  model.  These 
are:  (1)  The  forecast  of  the  market  share  of  competitive  inter- 
modal  traffic  the  carriers  predict  they  can  obtain;  and  (2)  The 
demand  for  transportation  services  between  specific  points. 


Carrier  Market  Share  Predictions 

The  market  share  of  the  traffic  subject  to  intermodal  competition, 

each  carrier  predicts  he  can  obtain,  will  be  treated  as  a  random 

variable  in  the  study.  This  is  in  keeping  with  the  difficult  real 

world  problem  of  forecasting  market  shares.  The  market  share  a  firm 
» 

obtains  is  determined  by  a  number  of  factors  and  complex  interactions. 
For  example,  the  market  share  a  transportation  firm  obtains  is  dependent 
upon,  among  other  things,  the  general  economic  conditions,  the  service 
reputation  of  the  firm,  the  effectiveness  of  the  firm's  advertising/ 
sales  program,  and  the  logistics  systems  of  shippers.  Thus  the  market 
share  a  firm  predicts  it  can  obtain  is  likely  not  to  be  lOOTi  accurate. 
The  firm  may  over  estimate  its  market  share  or  under  estimate  its 
market  share  as  well  as  possibly  having  an  accurate  prediction.  It 
is  because  '*  the  large  number  of  interact  Ions  and  uncertainties 
involved  in  the  estimation  of  market  shares  that  the  prediction  of 
market  shares  a  carrier  will  obtain  will  bo  treated  as  a  random 


variable . 
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The  values  Che  variable  may  assume  for  the  Crucker  and  railroad 
will  be  402,  502,  and  602  of  Che  markeC  subject  co  interr.odal  compe¬ 
tition.  In  ocher  words,  when  these  carriers  can  compete  for  traffic, 
they  will  estimate  they  can  obtain  either  402,  50%,  or  60%  of  that 
market  for  a  particular  route  segment.  Thu  particular  estimate  for 
each  route  segment  will  be  determined  by  a  table  of  random  numbers. 
When  a  carrier  cannot  compete  on  a  given  segment,  the  other  carrier 
will  attempt  to  estimate  the  size  of  this  market  and  if  profitable 
allocate  equipment  to  it.  The  values  in  this  case  will  be  80%,  902, 
100%,  1102,  1202  of  the  market.  Thus  for  any  given  route  segment, 


l 

l 


l 


I 
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the  carriers  may  over  estimate  the  market  which  would  result  in 
excess  capacity  at  some  nodes  or  they  may  under  estimate  the  market 
resulting  in  unsatisfied  demand  between  some  points  or  they  may 
exactly  estimate  the  market  which  would  satisfy  all  demand  and  leave 
a  minimum  of  excess  capacity. 

The  transportation  company,  likewise,  is  confronted  with  the 
same  market  prediction  problem.  The  values  of  the  estimated  market 
share  the  transportation  company  expects  to  obtain  will  be  802,  902, 


1002,  1102,  and  1202  of  the  market  subject  to  intermodal  competition. 
The  particular  estimate  for  each  route  segment  cn  a  particular  run 
will  be  determined  by  summing  the  single  modal  carrier's  estimates 
in  order  to  preserve  internal  consistency.  In  other  words,  if  on  a 
particular  run  the  trucker  estimates  he  can  obtain  602  of  the  inter¬ 
modal  competitive  market  cn  one  segment  and  the  railroad  estimates  it 
can  obtain  50.1,  the  transportation  company  vjulci  estimate  the  pine  of 


L 


i 


i.uii.iliT’Jfiftii'lilg&wiflllMt’BilMllilLlt  flhmaiHi„.&*rt.~ki|in»rnT..  -  jni.nAAziMf  BB^La  ^  r..iwu  iMlitfiJriillU  I.,,  k  i.Tnr.^^.^.  Jiu,rjb3fc  Ulii  1^1;  if J  »ft» Ji  <tgailtoTfljQdiAir'Ji’z1Tc  fcifLfltiliy  ittfllifllli  i  n  rfnylLlCtiTllfai  ^ 


61- 


u 

the  market  at  1102  of  its  true  size.  In  essence,  this  allows  one 
to  make  a  cross  comparison  between  the  performance  of  the  single 
modal  companies  vis-a-vis  the  transportation  company  in  which  not 
only  are  the  parametric  values  the  same  but  also  In  which  the  random 
components  are  consistent  across  the  organ!'  ations. 

»  - 

The  Demand  for  Transportation  Services 

The  demand  for  transportation  services  between  any  two  points  is 
determined  to  a  large  extent  by  the  demand  for  shippers'  products. 

If  the  product  is  manufactured  at  point  A  and  there  is  demand  for 
the  product  at  point  B,  the  product  must  be  transported  between  these 
points.  A  more  succinct  way  of  stating  this  proposition  is  that 
transportation  provides  time  and  place  utility  in  goods.  Viewed 
from  the  carriers  perspective,  the  demand  for  transportation  services 
can  be  thought  of  as  a  random  variable.  The  variability  of  the  size 
of  the  transport  market  is  of  course  directly  related  to  the  problem 
the  carriers  have  in  predicting  their  market  share. 

The  size  of  the  transportation  market  subject  to  intermodal 
competition  will  be  allowed  to  assume  three  values,  a  high  volume  of 
traffic,  an  average  volume  of  traffic,  and  a  low  volume  of  traffic 
for  each  size  of  shipment  level.  The  specific  level  c£  demand  between 
specific  poi  ts  will  be  dete. mined  by  a  t^le  of  random  numbers. 

Shippers '  '!n;l a  1  S o_l z t i  rn  Policy 

In  the  competitive  tingle  model  company  situation,  the  carriers 
must  determine  it  they  can  compote  in  a  market  segment  subject  to 


intermodal  ccmpetition.  If  they  can,  they  must  allocate  equipment 
to  that  segment  consistent  with  their  forecast  of  the  amount  of 
traffic  they  can  obtain  in  that  sesnent.  If  the  carriers  allocate 
more  equipment  to  a  segment  than  there  Is  demand  and  if  this  allocation 
results  in  more  than  one  method  of  movement  being  offered  to  shippers, 
the  shippers  must  chose  the  manner  in  which  to  move  their  goods. 

These  methods  have  no  service  differences  (or  these  differences  are 
unimportant  as  perceived  by  the  shippers),  or  else  the  shippers  specific 
needs  would  have  been  included  in  the  logistics  systems  constraint. 

If  the  carriers  have  collectively  under  estimated  the  amount  of 
traffic  subject  to  intermodal  competition,  the  shippers  have  no 
choice  but  to  accept  what  is  offered,  up  to  100%  of  the  demand  being 
met.  If  the  carriers  over  estimate  this  market,  the  shippers  must 
choose  what  methods  of  movement  they  will  use.  Under  these  circum¬ 
stances,  the  following  shippers'  modal  selection  policy  will  be  adopted: 
The  shippers  will  allocate  their  traffic  equally  between  the  carriers. 
This  is  in  keeping  with  the  assumption  that  when  the  service  of 
competing  carriers  is  equal  the  shippers  have  no  real  preferences 
between  the  modes. 

In  the  case  of  the  transportation  company,  operating  under  the 
assumption  that  it  will  face  the  same  demand  pattern  as  the  single 
modal  companies  of  which  i  t  is  comprised,  there  may  bo  no  need  for  ?. 
shippers'  modal  selection  policy.  This  is  so  because  the  transpor- 
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cation  company  would  most  probably  allocate  only  one  method  of 
movement  to  any  competitive  market  segment. 

Recapitulation  of  the  Test  Factors 
Due  to  the  length  of  the  preceding  discussion,  a  recapitulation 
of  the  test  factors,  shippers'  modal  selection  policy,  and  the  random 
components  of  the  model  is  in  order.  The  test  factors  and  their 
appropriate  levels  are  outlined  in  Table  1.  Table  II  displays  the 
random  components  of  the  model  and  describes  the  shippers'  nodal 
selection  policy. 


Generation  of  the  Data 

As  stated  in  Chapter  I,  the  data  which  will  be  used  in  this  study 
will  be  hypothetical.  This  section  will  explain  in  detail  how  the 
data  will  be  generated  for  use  in  the  simulation  model.  The  discussion 
will  also  focus  on  an  explanation  of  which  test  factors  affect  the 
cost  of  movement  and  the  manner  in  which  they  effect  these  costs. 

The  costing  figures  used  in  this  study  will  be  on  a  per  hundred 
weight  (Cwt.)  basis.  These  costs  will  be  ascertained  by  allocating 
the  total  costs  between  specific  origins  and  destinations  on  the 
basis  of  the  amount  of  Cwt.'s  transported  between  them.  Once  the 
full  costs  of  each  mode  have  been  determined,  the  pricing  mechanism 
explained  in  the  last  chapter  will  be  utilized  to  determine  the 
appropriate  rates  between  two  points.  A  computer  program  has  been 
developed  to  calculate  the  full  costs  of  the  modes.  The  costs  will 
differ  each  time  a  parameter  is  varied. 


TABLE  II 

OTHER  MODEL  SPECIFICS 


RANDOM  COMPONENTS: 

A.  Carrier  Market  Share 
Estimates 

1.  Trucker 

2.  Railroad 


VALUES  OF  RANDOM  VARIABLES 


40*,  505:,  602 
40%,  50%,  60% 


a  L -  ou/» 

3.  Transportation  Company  80%,  90%,  100%,  110%,  120% 


8,  Demand  for  Transportation 
Services  on  Each  Route 
Segment 

!•  CL,  TL  Shipments 
2.  LTL  Shipments 


30,000  Cvt;  60,000  <vt; 
90,000  Cvt. 

15,000  Cvt;  30,000  Cvt; 
45,000  Cwt. 


SHIPPERS’  MODAL  SELECTION  POLICY: 

If  the  carriers  have  collectively  under  estimated  the  amount  cf 

choice  hfm  l6  t0  Jntfn‘'0(lal  competition,  the  ship,, era  have  r,o 

bliw  16  cfforcd»  u>’  u’  10°*  ^  demand 

Doing  met.  If  the  carriers  collectively  over  eatimato  this 

market,  the  shippers  will  allocate  their  traffic  ccually  betw-cn 
the  carriers, 
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or  over-the-road  costs,,  pick  up  and  delivery  or  car  spotting  costs, 
terminal  costs,  and  billing  costs. 

Line-haul  costs  are  defined  as  the  movement  over  the 
road  (or  road  bed],  either  from  one  terminal  to  another 
or,  In  seme  cases,  from  a  shipper's  location  to  destination. 
Terminal  costs  are  defined  as  the  handling  and  reworking  of 
freight  to  natch  origins  and  destinations  of  outgoing  and 
incoming  freight.  Pickup  and  delivery  costs  are  defined 
as  the  function  of  picking  up  and  delivering  freight  within 
a  specified  terminal  area.  Billing  ...  costs  are  those 
related  to  paper  work  coots  for  each  shipment. 

Each  of  the  out-of-pockct  costing  categories  is  measured 
in  terns  of  its  relevant  service  unit.  A  service  unit  is 
the  appropriate  variable  assigned  to  a  specific  costing 
category.  This  concept  is  exactly  the  same  as  that  used  in 
general  accounting  in  cost  allocation.  The  accountant  also 
must  find  aomc  method  of  allocating  indirect  costa  such  as 
ront.  ... 


The  service  unita  for  line-haul  cists  arc  vehicle  hours 
and  vehicle  miles,  because  some  costs  in  the  line-haul 
category  vary  with  time  (e.g.,  drivers'  wages)  and  others 
vary  with  distance  (fc.g..  fuel)."' 

Line-haul  cocts  also  vary  with  ilia  amount  of  product  carried. 

Tl'"s,  an  appropriate  measure  for  line-haul  coats  would  be  the 

sum  of  the  total  mileage  costs  (dlelancv)  and  total  hourly  coats 


(wages)  divided  by  the  total  number  of  Cwt, -wiles  transported 
by  the  tarritr  In  a  given  period. 

The  lioate  ra) cv i*ts4  in  this  manner  i >. present  the  test  of 
W'jv)il|i  lilt'  plwJiltt  will,  the  aVi'In^i  I'Jiid  /  *♦  <•  l 

PV<  r  I  '  <  llVt,'  Ige  length  «)?  hull  l  .  1  i  I  I  II'.  I  111!  )  !  III.  h.liU  1 

(j.IB  |  /(  wl  ,■  l|  |  III  1  •  ■  III..  «.(-!  ti|.i  fc  y  £  I  I  H  1|.|U  I  ..  'I  /  Ill 


*  '  I  /  ,  st-  »  |;.  I  i.s  j  *  i  ,  ]  ri  |  ,1 

•  f  ■  •  i  *  I  *  *t  l  ;  l  •>  .  I 


u 


-67- 


vould  simply  multiply  the  line-haul  cost/Cwc.-mile  by  the  average 
length  of  hat.l.  For  example,  if  the  average  line-haul  cost/Cwt.- 
mile  was  ,35  cents/Cwt.  nile  and  the  average  length  of  haul  was 
300  Biles;  the  average  line-haul  cost/Cvt.  would  be  105  cents.  To 
convert  the  average  line-haul  cost/Cv/t.  to  specific  line-haul  costs 
between  two  points  with  a  specific  load  factor,  one  would  multiply 
the  average  figure  by  the  ratio  of  the  actual  length  of  haul/systea 
average  length  of  haul  and  divide  by  the  ratio  of  the  actual  load 
factor/averagc  load  factor.  For  instance,  if  the  average  line- 
haul  cost  was  105  cents/Cvt.  based  on  an  average  load  factor  of 
300  Cwt.  and  average  length  of  haul  of  300  miles,  the  specific 
line-haul  cost  for  a  movement  of  150  Cvt.  over  900  miles  would  be: 

line*" haul  x  .  actual  load  factor 

average  distance average  load  factor 

cost 


(  105 


■  actual  1  Imp— haul  cost 

900/300  )  :  (  150/300  ) 

■  030  cents/Cwt, 


As  with  Hue-haul  coats,  pickup  and  delivery  cents 
have  'ur/fee  unit"  p^udnluj  with  tir-in  (drivers'  wages) 
and  dlsli'fuu  (fu.  1)  .  , .  .iJivUing  l  lie  tvUl  pit  Hup  and 
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PUD  cost/Cwt.  for  a  movement  with  a  specific  load  factor  can  be 
obtained  fron  the  system  average  figures  by  dividing  by  the  ratio 
of  the  specific  load  factor/system  average  load  factor. 

Terminal  costs  will  be  measured  in  the  same  manner  as  PUD 
costs,  i.e.,  on  a  per  Cwt.  basis.  The  discussion  in  the  previous 
paragraph  of  how  to  convert  to  specific  average  costs/Cvt.  for 
given  load  factors  are  applicable  to  this  category  of  costs  also. 

Billing  costs  are  the  expenses  associated  with  the  paperwork 
functions  per  movement.  The  average  billing  cost/Cwt.  is  obtained 
by  dividing  this  somewhat  constant  cost  by  the  system  average  load 
factor  in  Cwt.  To  convert  this  average  coat  to  a  cost/Cwt.  for 
particular  movements,  one  would  divide  by  the  ratio  of  the  par¬ 
ticular  load  factor/sygtem  average  load  factor. 

The  above  out-of-pocket  coating  categories  are  derived  frem 
the  reeognUi'd  I.C.C.  standard  accounting  ays  tan  for  motor  carriers. 
Hall  carricru  have  different  costing  categories  such  as  switching 
and  yard  expenses  hat  in  order  to  have  a  basis  for  comparison  the 
above  categories  will  Uo  uiod  for  both  ftodei. 

Ae  alluded  lo  above,  the  lJiH*»hcu4  oul  -of -put  hut  eosm  for 
the  loll  inn  J  ii  will  tuns  Ul  of  I  l.e  Iliuhi'.il  t,  t  ♦*  u  t.  j-  </  It  t.l !  <=>  1 1 ,  Mini  a* 
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associated  with  yard  operations  such  as  car  spotting,  switching, 

J 

%  £+*  '' 

and  classification  of  freight.  Billing  costs  are  comparable  as 
they  stand. 

Once  the  out-of-pocket  costs  have  been  calculated,  one  oust 
allocate  a  portion  of  the  total  systems  fixed,  and/or  common  costs 
to  a  particular  movement  to  determine  the  fully  distributed  costs 
for  that  movement.  Fully  distributed  costs  are  found  by  addir.2 
a  percentage  of  each  out-of-pocket  cost  category  to  cover  common 
costs  that  do  not  vary  with  traffic.  These  would  consist  of 
officer's  salaries,  depreciation,  and  the  like.  The  Cost  Finding 
Section  of  the  Bureau  of  Accounts  of  the  Interstate  Commerce 
Comnission  hftvn  found  common  cost*  to  be  about  102  and  202  of 
fully  distributed  cost*  for  motor  carriers  and  railroads,  respectively,* 
Thus,  to  fine  the  fully  distributed  cost  for  a  movement  for  the  motor 
carrier  and  railroad,  one  would  take  thu  average  out-of-pocket  costs 
and  dlvido  them  by  902  end  802  respectively . 

The  final,  adjustment  fur  costing  iu  a  profit  allowance*,  In 
this  atudy  the  profit  allowancu  will  bo  nado  through  the  operating 
tat  in.  Frets  standard  account  lag  praullue,  llir  operating  ratio 
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Average  Industry  Cost  Data 

As  mentioned  In  the  Introduction  to  this  section,  the  research 
will  utilize  approximate  industry  data  in  the  various  costing 
categories  sc  that  the  study  may  deal  with  carriers  which  reflect 
the  differences  in  operating  characteristics  between  modes.  Table 
111  presents  the  average  cost  structures  for  the  rail  and  truck 

g 

nodes.  The  cost  structure  of  the  trucking  mode  is  an  average 
which  includes  both  TL  and  LTL  movements.  The  cost  structure  of 
the  rail  mode  is  based  on  CL  movements. 


tabu:  III 

PERCENTAGE  BREAKDOWN  OF  RAIL  AMD  TRUCK 
COST  STRUCTURES 


Truck 


X  variable  902 
Out-of-pocket  costs 

Line-haul  coats  6 AX 
PUD  (car  spotting)  cost  182 
Terminal  (switching  1  clang  I f 1  cation)  cost  MX 
Ml  11  lug  cost  41 


Rail 

802 


672 

102 

202 

32 
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The  study  will  segregate  movements  Into  two  categories  TL/CL 
movements  and  LTL  movements.  This  distinction  is  necessary  because 
the  cost  characteristics  of  the  TL/CL  movements  are  different  from 
LTL  movements. 

Truck  Cost  Data 

For  TL  movements,  the  cost  structure  for  truckers  given  in 
the  preceding  table  is  not  appropriate.  This  is  due  to  the  fact 
that  a  substantia.1  portion  of  trucking  business  is  LTL  and  necessitates 
larger  expenditures  on  PUD  and  terminal  costs  than  do  TL  movements, 

The  average  cost  structure  for  truckload  movements  will  be  derived 
in  the  following  paragraphs. 

The  average  revenue  for  truckers  hauling  general  commodities 

is  approximately  7  cents /ton-mile;  and  the  average  length  of  haul 
9 

la  about  300  miles.  Multiplying  the  revenue  figure  by  the  average 
length  haul  yiclda  the  average  revenue  per  ton  of  $21,00  or  $1.03/ 

Cwt.  Thu  average  load  factor  of  the  truchor  will  be  taken  to 
be  200  Cwt. /vehicle  (Movement. 

As  explained  above  one  of  the  parameters  that  will  be  varied 
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ratios  will  te  99Z  and  912  for  the  trucking  nod-',  representing 
a  below  average  or  inefficient  carrier  and  a  well  managed  carrier, 
respectively.  Within  this  spectrum  one  would  find  the  average 
carrier. 

Multiplying  the  average  revenue  per  Cv:t. ,  just  calculated, 
by  the  operating  ratios  and  then  utilizing  the  breakdown  of  the 
average  cost  structure  of  motor  carriers  in  Table  III  yielc9  the 
average  trucking  costs  per  Cwt.  displayed  in  Table  IV. 


TABLE  IV 

TRUCKING  AVERAGE  COSTS  PER  Cwt. 


Tun  'll  ()|i  i.  -i-  4i>i'l  uxli.-.u'-uly  Imll  uf  tlm  flVUn,;i 
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Load  factor 

200  Cwt. 

200  Cwt. 

*#■ 

4 

Operating  ratio 

91% 

99% 

1 

Total  revenue 

1.050 

1.050 

Profit  riargin 

.0945 

.0105 

x 

Common  costa 

.0955 

.1040 

Total  Out-of-pocket  coats 

.8600 

.9355 

I.ino  haul  costs 

.5504 

.5987 

PUD  con 

.1548 

.  1684 

Terminal  cost 

.1204 

.1310 

hi  1 1  Inj;  L 

.0344 

,0374 

l 
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when  small  shipments  could  be  added  to  the  XL  at  the  terminal, 
since  the  trailer  could  be  moved  direct  from  the  customer's  door 
to  destination.  Billing  costs  should  drop  also,  perhaps  as  much 
as  one-half,  since  there  will  usually  be  only  one  billing  per 
vehicle  with  TL  movements.  Deleting  these  costs  from  out-of- 
pocket  costs  and  recomputing  common  cost  and  profit  margin  by 
dividing  the  out-of-pocket  costs  by  the  7.  variable  then  dividing 
this  figure  by  the  operating  ratio  yields  the  TL  average  costs  per 
Cwt.  displayed  in  Table  V. 


TABLE  V 

TL  AVERAGE  COSTS  PER  Cwt. 


Operating  ratio 

91% 

99% 

Load  factor 

200  Cwt. 

200  Cwt. 

Total  revenue 

.790 

.790 

Profit  margin 

.071 

.008 

Common  costa 

.072 

.078 

Total  out -of -pocket  coats 

.647 

,  704 

Une-hnul  coat 

.551 

.599 

run  co.i  i 

,077 

.084 

Terminal  coat 

— — 

11 1  !  1 1  ii i,  :os  l 

.'119 

.021 

‘lima  lilt,  svt  I  ti'.'uli'j.*  r  —  I  |L  It.vVlf- :<-ll  •  *•  v|,  1  <J|  1  )  )  1.XJ  il. 

Un  II  ii'ly  It  it  •  ■  t  i  -3  /  '.■<*  , 


■Ilf  II|III|IIIL1IIUIII)J*II 


I  I 

In* 


fe 


t  < 


-74- 

The  percentage  breakdown  by  costing  category  for  TL  move¬ 
ments  is  given  in  Table  VI. 

TABLE  VI 

PERCENTAGE  BREAKDOW  OF  TL  COSTS 


%  variable 
Out-of-pocket  costs 
Line-haul  cost 
PUD  cost 
Terminal  cost 
Billing  cost 


10 

862 

12% 

27. 


Using  the  overall  average  trucking  costs  per  Cvt.  and  the 
derived  TL  average  costs  per  Cwt.,  one  can  determine  the  LTL 
average  costs  per  Cwt.  in  each  costing  category.  This  is  so  because 
the  overall  average  trucking  costs  per  Cwt.  are  a  weighted  average 
of  the  LTL  and  the  TL  costs,  Mathematically,  W^(LTL  Cost)  + 

W^TI.  Cost)  «  Average  Cwt.,  where  the  weights,  and  are  the 
percentage  of  Cwt,  which  ore  LTL  and  TL,  respectively. 

The  percentage  of  LTL  traffic  carried  by  regulated  general 
commodity  carriers  is  approximately  to  the  percentage  of  TL 

To 
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traffic  is  approximately  502.  Using  these  weights  and  the  data  in 
the  other  twc  tables  the  LTL  cost  data  was  calculated  and  is 
presented  in  Table  VII. 


TABLE  VII 

LTL  AVERAGE  COSTS  P^R  Cut. 


Load  factor 

200  Cut. 

200  Cwt. 

Operating  ratio 

912 

992 

Total  Revenue 

1.310 

1.310 

Profit  margin 

.118 

.013 

Common  costs 

.119 

.130 

Total  out-of-pocket  costs 

1.073 

1.167 

Line-haul  costs 

.551 

.599 

PUD  costs 

.232 

.252 

Terminal  costs 

.240 

.262 

Billing  costs 

.050 

.054 

Rail  Cost  Data 

The  average  revenue  for  railroads  in  1969  was  approximately 
1,35  cents /ton-mi lc;  and  the  average  length  of  haul  was  about 
600  nil ffl. ^  Thu  overage  rovcr.ua  figure  will  be  adjusted  upward 
lu  6  Ct'lllll/l  o  1 'Id  1  bucniiru  t  !;«•  foii.nr  f  I  guru  Includes  a  large 
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cotsmodities  subject  to  competition  for  movements  by  rail  and 
truck  would  hiv-=>  higher  costs  of  handling  end  demand  greater  rates. 
Multiplying  the  average  length  of  haul  and  the  average  revenue 
figure  yields  the  average  revenue  figure  of  120  cents/Cwt.  Using 
an  average  loud  factor  of  600  Cwt.  and  the  average  cost  structure 
of  railroads  presented  above,  the  cost  data  in  the  following 
table  were  calculated.  The  operating  ratios  for  the  rail  mode 
will  be  855!  and  652  representing  an  inefficiently  and  efficiently 
managed  carrier. 

TABLE  VIII 

RAIL  AVERAGE  COSTS  PER  Cwt. 


Load  factor  600  Cwt.  600  Cwt. 

Operating  ratio  652  852 

Total  revenue  1.20  1.20 

Profit:  margin  ,42  .18 

Common  costs  .156  .204 

Total  out-of-pocket  costs  .624  .816 

line-haul  costs  .418  .547 

PUD  cost':  ,062  ,082 

Terminal  costs  .125  .163 

."19 
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Piggyback  Cost  data 

•  Once  the  average  cost  categories  hav?  been  developed  for 

the  single  modal  carriers,  these  costs  can  ba  used  in  computing 
the  cost  of  piggyback  transportation.  A  piggyback  movement  entails 
using  a  highway  tractor  and  trailer  for  pi  kup  and  delivery  operations 
and  transferring  the  trailer  to  a  railroad  flatcar  for  line-naul 
transportation  between  two  points.  Hence,  piggyback  movements  are 
coordinated  rail-truck  operations  and  as  such,  the  cost  of  these 
movements  embody  selected  cost  characteristics  from  each  mode. 

[A]  ...simplification  of  the  transportation  process  in 
piggyback  is  the  by-passing  of  railway  yard  classification 
at  the  origin  and  destination.  Piggyback  operations  need 
as  an  initial  classification  yard  nothing  more  than  a  trailer 
ramp  site  with  a  parking  Jot.  Classification  o:  cars  by 
destination  usually  can  be  accomplished  in  the  process  of 
loading  the  trailer  onto  flatcars  at  the  origin.  Alee 
classification  yards  enroute  can  be  by-passed  to  a  large 
extent.  Switching  enroute  under  most  circumstances  might 
be  done  by  diesel  road-switcher  locomotives  simply  dropping 
cars  at  trail-..-  ramps  located  outside  major  cities. 


Like  trucking  costs,  piggyback  costs  usefully  are 
divided  into  terminal  and  lir.e-haul  expenses.  Terminal 
expenses,  in  turn,  can  be  separated  into  those  con¬ 
ventionally  associated  with  truck  transportation  and  the 
peculiarly  piggyback  c-sts  of  loading  and  unloading  the 
highway  trailer  onto  and  off  the  railway  flatcar  and  the. 
cosit  of  making  up  the  piggyback  train. 

Piggyback  pickup  and  delivery  costs  are  essentially 
the  name  as  these, , .concerning  over-t.ho-road  truck 
ope  rations . ^ 

Here  sped  f  Jc.tJ.Jy,  l!.-:  lino-haul  cout.i.  tor  piggyback  t-iovo- 
•enUullJ  bu  Uiosu!  oi  ihw  rnlltu.nl  adjuaiw*.  for  differences  In 
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load  factors.  The  piggyback  PUD  costs  will  be  those  associated 

with  two  highway  trailers  plus  a  cost  of  $4, or  $2  for  coving 

each  flatcar  into  loading  and*  unloading  position  and  building  and 

breaking  the  train,  for  the  railroads  with  operating  ratios  of 

85%  and  65% ,  respectively.  The  piggyback  terminal  costs -will  be 

those  of  the  highway  code  plus  a  $9  or  $5  charge  per  trailer  for 

loading  and  unloading  the  trailers  on  and  off  a  flatcar  for  J'.ft 

13 

inefficient  and  efficient  railroad  respectively.  The  piggyback 
billing  cos ts  will  be  the  sun  of  the  costs  for  two  trailers  and  the 


average  rail  billing  cost. 

The  piggyback  common  cost9  will  be  obtained  by  dividing  the 
rail. and  truck  cost  contributions  for  this  type  of  movement  by 
the  corresponding  percent  variable — B07i  and  90.",  respectively. 

The  piggyback  profit  contribution  will  be  determined  by  dividing 
the  full  costs  contributed  by  each  tr.ode  by  the  appropriate  operating 
ratios.  For  instance,  if  the  out-of-pocket  trucking  costs  were 
$27  and  the  out-of-pocket  rail  costs  were  $32,  the  out-of-pocket 
plus  common  costs  for  thin  movement  would  be  $27/. 9  +  $32/. 8  n 
$30  +  $40  •  $70.  The  full  cost  of  this  novo  would  be 


13Hr.  G.  W.  Teller ,  Manager  of  TOl'C,  Burlington  Northern 
Railroad  in.’ tented  that  the  approximate  coat  of  loading  and 
unloading  tiailcrs  onto  flatcars  wav,  Sj.C’l/trail^r.  Mr.  Teller 


alf.0  stated  t the  switching  costs  .or 
loading  and  u  i’c  jaing  pv;  i  tictfi  was  appro 


moving  flatcars  into 
y. *  r. .v. . c . *• 

handle  .15  cars /hour . 


and  that  a  switcher  on  the  average  cents 
Thus  the  swii'h'r.p.  and  loading  cost:,  uved  m  l u  ■  study  arc  the 
range  that  in  re;, re  . 1  i w  of  the  teal  world. 
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and  a  rotor  carrier  and  a  transportation  company  composed  of  che 
two  carriers.  Point  B  is  located  75  milts  from  A,  C  is  150  miles 
from  B,  D  is  300  miles  from  C,  and  £  is  600  miles  from  D. 

The  average  coats  presented  in  the  pruvious  section  will 
provide  the  basis  for  determining  what  the  average  costs  are  between 
each  origin  and  destitution  Above.  In  other  words,  one  would  multiply 
the  average  line-haul  costs  by  the  ratio  of  the  actual  distance/ 
system  average  length  of  haul  for  the  modes,  then  readjust  common 
costs  and  the  profit  allowance.  For  instance,  if  the  average  line- 
haul  cost  was  105  ccnta/Cvt.  baaed  on  an  average  load  factor  of 
300  Cwt.  and  average  length  of  haul  of  300  miles,  the  specific 
line-haul  cost  for  a  movement  of  300  Cwt.  for  900  miles  would 
be  (105  *  ~29)  ■  315  ceius/Cwt.  This  line-haul  cost  would  be  added 
to  the  other  out-of-pocket  costs,  PUD,  terminal,  and  billing. 

The  out-of-pocket  cost9  would  bu  divided  by  the  %  variable  for  the 
particular  mode  to  obtain  the  common  plus  out-of-pocket  costs. 

This  figure  would  be  divided  by  the  operating  ratio  of  the  mod» 
to  determine  the  full  coals  of  the  movement . 

Considering  movements  both  to  and  from  specific  points  in 
the  above  transportation  system,  there  are  20  different  route 


segment  r. 

,  These  are 

movements, 

from 

left  to 

right,  A  to  B 

(denigivt 

ted  AD) ,  AC, 

AD,  All,  i:c 

,  BD, 

hi: ,  cd, 

CD,  and  DD.  Hie 

corresponding  move:)  in  the  other  direction  arc  HI),  1C,  I'.  II,  l'.A, 
DC,  l!D,  DA,  CD,  CA,  and  DA.  !!ov<::,ontn  in  both  direct  Joan  should 
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no  t  have  balanced  traffic  patterns  or  oven  the  sane  geographical 
conditions  in  both  directions  which  cause  the  costs  of  movement  to 
differ  with  the  direction  of  movement.  This  thesis  will,  however, 
limit  the  route  segments  considered  to  those  unidirectional  move¬ 
ments  from  left  to  right. 

This  simplification  described  in  the  previous  paragraph  will 
reduce  the  computational  requirements  by  cr.e  half  and  will  not 
affect  the  Integrity  of  the  results.  The  reason  why  attention 
need  be  focused  only  upon  unidirectional  movements  in  this  thesis 
is  that  each  factor  which  would  make  the  directional  movements 
have  differing  costs  will  be  examined  for  effects  at  both  levels 
(in  different  runs)  during  the  simulation.  So  in  actuality,  both 
directional  movements  arc  being  considered  in  different  runs,  even 
though  the  lettering  of  the  movements  in  unidirectional. 


I 
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CHAPTER  IV 


EXPERIMENTAL  DF1SIGU 


Thla  chapter  will  focus  attention  on  the  nature  of  the 
experimental  design  as  well  as  the  analytical  and  statistical 
methodology  used  In  the  dissertation.  Four  specific  areas  of  the 
experimental  design  aspects  of  the  dissertation  will  ha  discussed. 
First  the  problem  of  realism  in  simulation  will  be  addressed. 
Second,  attention  will  focus  on  the  nature  of  the  output  of  the 
simulation.  Next,  the  performance  measures  used  to  describe  the. 
output  of  the  simulation  will  be  presented.  Finally,  the  specific 
experimental  design  which  was  utilised  will  b#  discussed. 


The  Problem  of  Re a l Ism  J In  Si  mu  la t ion 
One  of  the  uoat  important  problems  one  faces  when  utilizing 
Simulation  to  investigate  a  new  or  proposed  system  lo  that  of 
Insuring  tl.it  the  model  is  an  accurate  representation  of  the 
system  being  analyzed.  Chervuny  has  succinctly  summarized  Lhu 
problems  of  using  simulation  models  to  analyze  real  world  problems 
as  follows: 

In  llie  development  and  analysis  of  simulation  models, 
the  most  pern  1  a  leu  l  p/obl  ■■:.!  concerns  flu-  real!:. in  of  ihc 
m<"Jol  b .  ii g  mini  pul. i ted.  A  s  ln.nl  :\li  ■>.,  model  presents  a 
perfect  opportunity  fur  "control  led"  exper  I: -p.is  .  The 
vnrloun  f.icLnru  under  .uni.)  vs  I  i  can  he.  vurlul  ui-.e  (er  n.c re 
than  ono)  at  a  time  while  all  other  cun a t hicLh  are  held 
constant.  This  analytic;!  capability,  however,  In  net. 
ftchicvid  frie  o:  cost.  lie  ;  r  i  c.'-  limit  I  i  paid  i  •:  the 
per*:  I  e,  I  fill  prubl.ia  of  |  :i..ur  i  ug  ill. it  the  s  !  i  ,u  1 I  i.n  i.ad-l 

be!”);  u-.i-il  i  M  .in  .II'.C.II  ■  I't  ,•  l'.  •  i  • . '  .1  I  i;n  u(  l.hl!  i'-ll  ' 

real  I  t  y  lh.it  In  being  .i.i.i  i  y  .i  d  .  S .  i  j. .  •  Liii'i  ;  red  i  <  m.  e! 


i  u , 


realign  arises  In  all  model-building  attempts,  it  seer*  Co 

be  even  more  troublesome  than  usual  in  simulation  studios. 

Although  this  realism  problem  assumes  many  forma,  it 
aeeas  that  there  arc  two  basic  hlcrarcltl.il  levels  that  generally 
appear,  'Hie  first  level  concerns  the  structural  fora— model 
subsystems  and  subsystem  interrelationships — of  the  model 
bring  simulated,  The  second  level  focuses  upon  the  detenr.1- 
natlon  of  the  specific  data  Inputs  that  arc  required  to  make 
the  model  analytically  operational. ^ 


Str u c turn!  R e all % n _ 

The  problem  of  structural  rcallets  focuses  on  the 
■election  of  elements  to  be  included  In  the  model  and  the 
manner  in  which  they  urc  connoctcd.  The  following  quoutlons 
■rc  typical  of  those  that  must  bo  answered  at  this  level:  bo 
the  variables  included  Jn  the  model  accurately  refluct  the 
Important  constructs  found  in  reality]  Are  the  variables 
omitted  from  the  model  suf f icicntly  unimportant  that  failure 
to  consider  them  will  not  tins  the  conclusion  drawn  from  analysis 
of  the  model? 


filnee  the  firm  [s]  being  modeled  in  this  project. .. (are) 
hypothetical,  the  ability  to  teat  the  model  for  structural 
real] em  is  somewhat  limited.  ... 


■  I,,  C.  P.  Bonin)  has  augguglvd  an  approach  to  validation 
In  simulation  of  hypothetical  organizations,  Concerning  his 
model  of  decision  and  inf<  rmniiun  systems  within  a  hypothetical 
firm,  he  states: 

The  first  question  to  bo  asked  about  our 
model  would  properly  be,  "bca.-.-i  the  mode]  cor¬ 
respond  to  the  leal  World?"  In  other  words, 

"DO  the  informal  Ion  am’  do-,  in  I  on  oy  ulema  reasonably 
rnprcHcnt  rcni-woild  situations?" 

We  would  not  expect,  <  f  ee..'ne,  tin*  model 
to  be  an  e.vul  i * ■ ; •  J  1  <  it  •  on  oi  t ! i > ■  t'cal  »'  1 U — 
all  model  h  are  ■  ti.  ;■!  !  1  !  it  una  to  i.om  •  degree. 

, ,,  Wo  do  belliVe,  hot  i'  Vo!  ,  tlc.it  the  I  ■  I 
1b  a  IrnNOUnb )  e  1 1'pre'ii-llt  ai)  on  of  n-.ll -wot  id 
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behavior,  We  cannot,  of  course,  completely 
validate  this  belief,  but  what  wo  can  and  will 
do  lc  to  set  forth  the  major  ingredients  of 
our  decision  rules  for  separate  examination. 

We  will  attempt  to  Justify  those  rules  by 
relating  then  to  cxlating  theory  in  the 
scientific  literature  of  econotalcs,  accounting,  or 
the  behavioral  sciences,  or  to  the  literature 
on  business  practice,” 

The  structural  form  of  this  model  was  developed  along  the 
lines  suggested  by  Denial .  It  should  be  stressed  at  this  point, 
however,  that  the  model  is  a  simplification  of  the  real  world,  Tho 
hypothetical  firms  modeled  in  Chapter  II  are  asnumed  to  react  In  all 
situations  to  maximize  their  profit  contributions.  The  model  has 
not  considered  any  social  welfare  role  that  many  modern  business 
concerns  hnv<  adopted,  To  the  extent  that  transportation  firms  do 
not  attempt  to  maximize  profit*,  whether  duo  to  the  fact  that  they 
are  limited  goal  satis  fie  re  or  due  to  the  fad  that  they  have  some 
social  welfare  role  to  fulfill,  thg  results  of  this  project  are 
limited  to  that  degree, 

Furthermore i  an  mentioned  in  the  previous  chapter,  tho  manage¬ 
ment:  and  operations  personnel  as  well  as  the  organizational  structure 
of  these  firms  are  considered  to  be  eupablu  of  reaching  their  goal 
of  profit  maximisation  subject  to  the  uncertainties  of  predicting 
tin*  market  ni  tron  obtain. ibJc,  The  dJ Hacrtallvn  has  also  not 
addressed  til,-  real  prubl,  ist.i  of  Imw  m.liiilnl  I  ng  op,- rat  tens  cunt  ha 
. 2  . 

Ibid.,  pp.  1  7,  (|iiot,lup.  fn:i  tluirli'ii  I*,  lion  i  n  i  ,  I :  .o’  at  I  on 

of  I  of  o  r  ' 1 '  ( ■  •  '•  i'h!  I  If.:  ''"a!,:  '•  !  a  1 1 .  ’  ill'll  (  iiui  i'ur.l  i  i-  it  1 1 

i>.H  t  wl'.l  I  I  :  I  i  .Muu  tl  111;.,  !i._W  .1  v  I  :  ■;  !  I'  I"  It  l  I  •  > 

II. il  1 ,  Inc.,  i  t) ,  j- ,  it. 
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accoopllshed  to  have  the  equipment  needed  at  the  right  place  at  the 
right  titnc  in  order  to  maximize  profits,  t'hile  these  are  definite 
limitations  of  the  analysis,  all  firms  considered  have  the  benefit 
of  these  simplifications .  Thus  the  end  result  is  that  they  will 
hopefully  cancel  each  other  out  in  the  atudy. 

What  happens  when  the  results  arc  attempted  to  be  applied  in 
the  real  world?  To  the  extent  that  imperfect  scheduling  operations, 
and  different  levels  or  quality  of  personnel  are  found  in  the  real 
world,  the  object  of  profit  maximization  will  Buffer.  Tim  author 
would  ar^ue,  however,  that  even  with  these  qualifications  the  results 
of  the  study  should  still  be  a  valid  indicator  of  which  combinations 
of  factors  or  firms  processing  upocific  levels  of  factor:!  should 
lead  to  significant  economics  as  a  result  of  forming  transpor¬ 
tation  companies  from  two  single  modal  carriers.  At  least  the 
factors  which  are  found  to  be  significant  in  the  analysis  of  the 
results  of  title  simulation  should  provide  a  basis  for  predicting 
which  comb inat i ons  of  factors  should  lend  to  significant  economies. 

There  is  oi\a  other  area  in  which  the  model  differs  from  the 
real  world,  Thu  model  which  has  ben  developed  considers  a 
trensportut Ion  system  over  which  op'-r^te*  on.v  one  railroad  company 
and  one  l  tut!'.  I  tig  company  and  compare  a  the  operating  results  of 
thin  byritem  with  the  operating  ivulm  wlii.h  me  obtained  when 
a  transportation  company  operate':  over  the  mire  nysieni,  Ii  1h  not 
lil’.ely  in  the  real  woi  Id  that  a  Iran'  port  :iti<-u  r.ystpri,  or  a  cub- 
(it/intl/i)  port  f'-a  of  n  ny'.tiei,  v.-.nild  . . .  only  by  em  lalirn.iJ 


and  one  trucking  company.  It  is  far  core  likely  that  on  a  given 
system,  or  segment  of  a  system,  that  there  will  be  more  than  one 
firm  in  each  mode  competing  for  the  available  traffic.  Thu?,  the 
clement  of  intramodal  competition  has  not  been  considered  in  the 
model. 


i 


Whet  effect  will  this  simplification  have  on  the  interpretation 
of  the  results  of  the  analysis?  In  essence,  this  simplification 
of  tho  real  world  assumes  that  the  individual  railroad  and  trucking 
company  can  maintain  a  relatively  fixed  portion  of  the  transpor¬ 
tation  market,  when  confronted  with  competition  from  other  rail* 
rondo  and  trucking  firms.  This  assumption  may  be  reasonable  If 
the  two  companies  are  wall  established  firms.  The  simplification 
also  asBuneo,  however,  that  the  truneportatlon  company,  formed 
from  these  two  firms,  faces  the  samo  rolativc  demand  pattern  os 
the  two  firms  when  they  were  operating  singly.  This  may  be  a 


tenuous  assumption .  There  is,  however,  no  means  of  tcsLlng  Its 
validity  short  of  actually  forming  the  transportation  company  in  the 
real  world,  The  reader  is  left  to  hie  own  conclusion  on  the  validity 
of  this  assumption.  The  effect  of  tho  non-validity  of  this 
assumption  would  he  to  increase  (or  decrease)  the  economic  impact 
transportation  companies  would  have  dupeudlng  upon  whether  the 
formation  ol  the  company  increased  (or  decreased)  the  market  shares 


of  the  combining  firret. 
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Pat*  Realism 

The  epeciflcation  of  values  for  who  various  parametric 
characteristics,  the  second  hierarchial  level  of  realism,  is 
also  a  sore  difficult  problem  in  simulation  of  hypothetical 
companies.  ...The  currently  suggested  techniques  for  gener¬ 
ating  input  data  arc  based  upon  the  assumption  that  the 
values  can  bo  determined  from  the  analysis  of  rcal<*rorld 

data. 3 

This  has  been  the  approach  ur.cd  in  this  study.  Care  was  taken  to 

uac  approximate  Industry  average  data  for  the  costing  of  movement.'. 

Aa  pointed  out  by  Chervauy,  however,  another  criterion  that  should 

ba  used  tor  data  generation  is  that  the  numerical  values  used  be 

Internally  consistent.  "This  means  that  the  absolute  level  of  the 

numerical  data,  while  important,  la  not  as  important  as  the  lnter- 

4 

relationships  among  the  components  of  this  numerical  data  set". 

Thus  care  was  taken  in  this  study  to  use  data  which  was  internally 
consistent,  that  la  the  relationships  of  rail  operating  ratios, 
load  factors,  and  so  forth,  to  truck  operating  ration,  load  fuclors, 
and  so  forth,  arc  In  the  relative  proportions  that  they  would  be 
found  in  the  real  world, 

The  Output  of  f  in  Si  mil  nl  i  oii__ 

The  simulation  model  being  studied  wan  constructed  to  determine 
the  resultant  economic  impact  a  transportation  company  would  havo 
and  if  this  .mpnet  would  be  substantially  different  than  the  two 
fiinple  modal  cn:  p  m  I  it:  of  whl  ch  it  in  c. '.prized,  Lnch  run  of  the 
3U)jd. ,  p.  169. 


» 
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•laulation  generates  a  number  of  statistics  for  each  carrier— 
the  transportation  coapany,  the  railroad,  and  the  trucker — that 
are  a  function  of  how  each  carrier  prices  his  services  and  allocates 
his  equipment.  Each  run  Indicates,  for  instance,  the  rate  at  which 
•ach  carrier  decides  to  price  his  services  consistent  with  the 
rate  making  scheme  outlined  in  Chapter  for  each  route  segment 
as  well  as  the  specific  capacity  allocations  each  carrier  makes 
on  each  route  segment.  Although  such  detailed  information  nay  be 
necessary  to  explain  why  a  certain  factor  has  a  significant  bearing 
on  the  results,  it  is  much  too  detailed  for  any  type  of  logical 
presentation.  A  number  of  summary  statistics  have  therefore  been 
developed  to  aid  in  the  presentation  of  the  results  of  the  study. 

The  remainder  of  this  section  shall  present  these  summary  statistics 
or  pcrforr.ar.ee  measures. 

There  arc  probably  an  infinite  number  of  performance  measures; 
one  could  devise  to  measure  such  a  nebulous  a  thing  as  the  ecc’-'.  -i-. 
imprct  or  economic  consequences  of  operating  a  transportati or.  •••"  - 
under  two  different  organizational  approaches.  There  ore  tv. 
dimensions  to  the  problem  of  measuring  the  economic  impact.  > 
tation  company  cr  the  single  modal  carriers  create.  Dev  r; ; •  .Id 
attempt  to  find  measure?  which  indicate  hew  the  opera l  of  su_':. 
i-apanles  affect  t'..cmuciv<  &  internally  as  ■..‘ci’  ;.s  h  ov  they  .v.'ert 
their  uoers,  VI  tli  this  m  nlu  !  the  following  rh: •.;#.•  p>-rf  ort-n  w; : 
meanutu:  will  he  v'.i 1  *';'t  .i  tr  n.  i/r.c-.  the  result '•  of  i>.«  r.  uwi.,1  v-n 
runs;  expected  contribution  c:‘  the  car r  it-:; ,  .  ..  .t  •  .-,;i 

til':  -.art.'  rs.  and  the  tot  a.  prku  paid  for  tv.-  t  r;.  r.p-  r 


The  nature  of  the  simulation  provides  a  unique  opportunity 
to  determine  the  effect  the  creation  of  a  transportation  company 
would  have  on  the  manner  in  which  movements  would  take  place  vis- 
i-vis  single  modal  carriers.  Therefore  three  statistics  have  been 
compiled  to  indicate  whether  o~  net  a  transportation  company  would 
make  movements  which  were  significantly  different  than  the  manner 
in  which  single  modal  companies  make  movements  in  concert.  These 
three  statistics  are  the  number  of  Cwts.  moved  by  truck,  amount 
o'  Cwts.  moved  by  pi gprback,  and  the  amount  of  Cwts.  moved  by  rail 
joxcar.  Thc.--.ft  perforr.  ."Ce  will  be  kept  for  the  trar.srct- 

tation  contpativ,  tne  raj  1;  oad  and  fucking  company. 


Expec-  '  Ccntribi". <•;  .1 

There  i:.  an  additional  element  of  competition  present  when 
0  single  modal  companies  attempt  to  obtain  a  portion  of  the  com¬ 
petitive  traffic  which  a  transportation  company  eliminates.  The 
single  modal  companies  must  not  only  cope  with  the  problem  of 
estimating  the  size  of  the  market  subject  to  competition  but  must 
also  estimate  what  proportion  of  this  market  they  car.  obtain. 

Tn^i  •  estimates  of  the  proportion  of  the  market  they  can  obtain 
for  a  particular  segment  is  directly  related  to  the  amount  of 
e  paci  v  the”  will  allocate  to  that  -cgmer.  .  This  is  so,  because 
.. e  .  •  ;  is  will  allocate  their  equipment  Lo  maximize  their 

expo-,  ted  contribution  to  fixed  and/or  common  costs  and  profit 
margins.  Thus  the  single  modal  carriers  have  an  additional  tier..;.'. 


o:  ur  ■.-.in  inly  to  with  that  a  transportation  company  <ic.-n  not. 


...«  .fr.r.  awlliMiliiwirt 
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A  transportation  company  muse  only  estimate  the  size  of  the  market, 
then  attempts  to  allocate  to  that  market  the  most  profitable  method 
of  movement.  It  therefore  appears  that  the  expected  contribution 
of  the  carriers  should  be  examined  for  effects  of  the  factors  since 
this  has  a  direct  bearing  on  the  allocation  of  equipment  and 
correspondingly  on  the  actual  contribution  of  the  carriers. 

Actual  Contribution 

Actual  contribution  or  total  contribution  of  the  carriers  is 
probably  the  most  important  performance  measure  which  reflects  the 
internal  valu  c  the  organizational  form.  This  measure  is  of 
extreme  impor  c  if  one  is  trying  to  examine  the  merit  of 
establishing  transportation  companies.  Thus  the  effects  the 
factors  have  on  actual  contribution  is  at  the  heart  of  the  study. 

The  actual  contribution  the  single  modal  carriers  enjoy  is  affected 
not  only  by  shippers'  logistic?  constraints,  as  is  the  transportation 
company  contribution,  but  in  addition  is  affected  by  the  shippers' 
modal  selection  policy.  Since  the  competitive  market  could  be 
allocated  equipment  from  both  single  modal  companies,  the  shippers' 
must  choose  the  modes  to  use  which  of  course  affects  carrier  contri¬ 
butions  . 

Price  Paid  for  Trcn-.t'onati on  Services  by  t'sers 

Tile  price  paid  for  transportation  services  by  users  should 
indicate  to  some  extent,  the  economic  cost  of  the  transportation 
company  versus  >..;e  single  r..>d..l  carrier  ot  gnp.j  catiunal  approach'/!'.. 


This  performance  measure  Is  probably  the  most  important  external 
indicator  of  the  economic  value  a  transportation  company  would  have 
for  its  users.  Thus  the  study  hopes  to  indicate  which  combination 
of  factors,  if  any,  would  significantly  affect  the  price  paid  for 
transportation  services  under  each  of  the  organizational  patterns. 

The  total  price  paid  for  transportation  services  is  a  function 
of  the  demand  for  transportation  services  and  the  rate  charged 
by  carriers.  More  specifically,  the  total  price  paid  for  transpor¬ 
tation  by  shippers  -  ZIIX.  . r  . { 

ijk  1;3K 

where, 

a13011"1  of  Cwt.  moved  by  node  i  between  j  and  k 
r...  -  the  rate/Cwt.  for  mode  i  between  j  and  k. 

1  jK 

It  is  Important  to  stress  the  relationship  of  the  price  paid 
to  both  the  amount  of  Cwt.  moved  and  the  rate/Cwt,  In  other  words, 
the  total  price  paid  may  increase  if  one  organizational  form  satisfies 
more  demand  than  the  other.  An  increase  in  total  price  paid  could 
also  occur  if  the  rate  (prico./uni t)  increases.  Conversely,  a 
decrease  in  total  price  paid  by  one  organisational  form,  can 
occur  if  less  demand  is  satisfied  or  if  the  rate  (pricc/unit) 
decreases  more  than  the  other  organizational  approach.  Thus  one 
cannot  tell  by  inspection  whether  an  increase  in  price  paid  resulted 
from  an  increase  on  the  rate  or  because  more  demand  was  satisfieu 
either  by  the-  transportation  company  or  the  single  modal  companies. 
The  converse  is  true  for  a  decrease  in  total  price  paid,  because 
of  this  relationship  special  care  will  be  liken  in  Che  discussion 
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of  the  Results  to  indicate  which  of  the  tvo  variables  created 
the  increase' (decrease)  In  the  price  paid  performance  measure. 

Amount  Of  Trucking  Movenents 

One  of  the  arguments  put  forth  against  forming  transportation 

.  •  1  , 

companies  Is  that  a  transportation  company  would  be  dominated  by 
the  rail  mode  with  a  tendency  therefore  to  drive  Independent 
truckers  out  of  business.  This  study  offers  the  opportunity  to 
observe  how  a  transportation  company  would  allocate  movements  to 
Its  composite  modes,  The  criterion  for  modal  selection  within 
the  company  when  not  constrained  by  shippers'  logistics  systems 
Is  profit  (contributibn)  maximization.  It  will,  therefore,  be 
very  interesting  to  determine  if  a  transportation  company  moves 
•  significantly  different  amount  of  goods  by  truck  than  the 
single  modal  trucker, 

Amount  of  i’lggyh  ack  Movement  a 

This  statistic  is  being  tested  for  significance  for  the 
same  reason  ad  the  last  measure.  In  particular,  it  is  directed 
at  determining  if  the  organizational  approach  has  a  significant 
effect  on  the  amount  of  goods  moved  by  piggyback.  It  should  also 
be  pointed  out  that  this  analysis  carried  to  its  logical  con¬ 
clusion  should  provide  the  answers  to  what  is  the  optimal  equip¬ 
ment  mi/,  for  a  trenspn.  tation  company  as  veil  as  for  single 
modal  carriers. 
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Amount  of  Rail  Boxcar  Movements 

The  statistic  Is  being  tested  for  significance  for  the  same 
reasons  as  the  last  two  measures. 

*  Analytical  and  Statistical  Methodology 

In  the  preceding  sections  of  this  chapter,  the  problems  of 
utilizing  a  simulation  experiment  were  discussed  and  the  performance 
measures  to  be  used  were  presented.  Chapter  III  discussed  the 
test  factors  which  are  to  be  analyzed  In  the  study.  This  section  will 
Introduce  the  analytical  procedure  and  the  statistical  tests  which 
will  be  employed  to  ascertain  the  effects  the  various  test  factors 
have  on  the  selected  performance  measures. 

Hypotheses  to  be  Kv aluated 

This  section  will  present  the  hypotheses  that  will  be  examined 
in  this  study,  but  before  doing  so  a  recapitulation  of  the  experi¬ 
mental  design  developed  thus  far  will  be  given.  The  economic 
performance  of  each  single  modal  company  end  the  transportation 
company  will  be  described  by  six  statistics — expected  contribution, 
actual  contribution,  price  paid  by  users,  and  the  amount  of  Cwts. 
moved  by  truck,  piggyback,  and  by  rail.  The  principle  focus  of 
the  research  will  be  placed  on  how  the  two  organizational  approaches 
differ  with  respect  to  the  performance  measures.  That  is,  the 
analysis  of  the  output  of  the  simulation  will  be  will  be  concerned 
with  the  dl ffc  renc  -  between  the  transportation  company  performance 
measures  mid  ihu  sum  of  the  performance  measures  of  the  single 


modal  carriers.  For  each  simulation  run  which  incorpo¬ 
rates  u  different  combination  of  the  internal  and  external 
route  factors,  those  descriptive  statistics  will  be  calcu¬ 
lated.  lte  hypotheses  which  will  be  tested  are  concerned 
with:  (1)  the  mean  differences  between  thi  performance 
measures  of  the  transportation  company  and  the  single 
modal  carriers,  and  (2)  the  effects  the  combinations 
of  the  test  factors  have  on  the  economic  performance 
of  the  carriers. 

The  analysis  of  the  test  factors  is  concerned 
with  whether  the  test  factors  "cause"  significant  changes 
in  the  values  of  the  performance  raetjurea  from  their 
average  value.  It  is  also  of  interest  to  determine 
if  the  mean  differences  between  the  organisational 
approaches  are  statistically  significant.  In  other 
words,  one  io  interested  in  determining  if  the  per¬ 
formance  measures  of  the  transportation  company  are 
significantly  different,  on  the  average,  from  the  sum 
of  the  measures  of  the  single  modal  carriers.  The  null 
hypotheses  are  for  each  performance  measure  that  the 
mean  of  the  transportation  company  and  the  mean  of  the 
sum  of  the  single  modal  carrier  performance  measures 
arc  the  same.  The  alternative  hypotheses  are  thaL  the 
Beans  arc  different.  The  nature  of  the  output,  being 
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th*t  the  rsndca  component*-  and  parametric  values  were  constant 
across  the  organizational  alternatives,  inilcated  that  a  t  test 
Involving  paired  differences  was  appropriate.* 

Since  the  analysis  of  the  result  is  largely  concerned  with 
the  effects  brought  about  by  changes  in  the  levels  of  the  test 
factors,  a  ouch  more  detailed  description  of  the  statistical 
procedure  utilized  for  this  purpose  will  bo  presented  below. 

The  analysis  will  be  mainly  concerned  with:  (1)  determining 
If  a  change  In  the  level  of  any  single  test  factor  has  a  signifi¬ 
cant  overall  effect  on  the  performance  measures  over  all  combi¬ 
nations  of  the  other  test  factors;  (2)  determining  if  any  combi¬ 
nations  of  any  two  tent  factors  has  a  significant  effect  on  the 
performance  measures.^  The  first  type  of  affect  Is  called  a  main 
effect,  while  the  second  is  referred  to  as  a  first-order  inter¬ 
action  effect.^ 

They  hypotheses  which  will  he  tested  are  concerned  with  the 
nature  of  all  of  the  rain  effects  end  first-order  interaction 


The  nature  of  the  t  tent  which  was  U3cd  is  described  in  detail 
in  Appendix  1,  For  a  diccusslon  on  the  appropriateness  of  this  par¬ 
ticular  test,  the  reader  is  referred  to  Guenther,  op , c  1 1 . ,  p.  7.4. 

She  word  combination  as  used  above,  refers  to  the  ’.lumber  of  experi¬ 
mental  conditions  or  ponsib.c  number  of  arranpenontu  of  flic  level?,  of 
the  test  factors  that  are  possible  in  the  experimental  setting. 

^Thr-ro  are  also  second-order,  third-order,  fourth-order,  and 
fifth  -order  Interact  leu  iffeets  ..mmcJ  ate  d  with  the  test  factors 
which  will  not  he  ar.il  v.od  in  the  project.  ihu  nature  of  the 
specific  experiment.. I  design  ut.i  lined  in  thl--.  f.tniy  dees  not  provide 
for  the  in'..: !  y.-;  i  s  of  li.s.v  eiii-ct;.  'ii.e  nature  and  r  on  a  [yr  the 
Hulecl.i  ’ii  of  the  e.-.pc. r  > ml  d*.  ;i.;n  ur.-.J  in  this  project  v.i  1 1  ho 
explain.,  d  in  tiie  next  section  .;i  this  lauptcr. 
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effects  associated  with  six  of  the  seven  test  factors  selected 
for  analysis.  The  test  factor  which  will  not  be  tested  for  effects 
Is  the  size  of  shipments  factor.  Inetead  of  testing  this  factor 
for  affects,  the  entire  experiment  will  be  repeated  for  this 
factor  at  each  of  its  two  levels.  This  is  because,  as  explained 
earlier,  the  costs  of  moving  CL/TL  shipments  differ  from  those 
Involving  LTL  movements.  Also  the  choice  of  how  the  movements 
are  to  take  place  differ  for  the  two  sizes  of  shipments.  In  the 
TL/CL  shipments,  movements  may  take  place  by  truck,  both  of  the 
piggyback  methods,  or  by  rail,  whereas  LTL  shipments  may  take  place 
only  by  truck  or  by  both  piggyback  methods.  In  capsule  form,  the 
test  factors  which  will  be  analyzed  at  each  level  of  the  size  of 
shipments  factor  are  (see  Table  I,  Chapter  III): 

1.  High  versus  low  trvick  operating  ratlofl»-An  Analysis  of 
the  effects  of  a  992  operating  ratio  vis-a-via  a  912 
operating  ratio. 

2.  High  versus  low  rail  operating,  ratloc--An  analysis  of 
the  effect?  of  an  852  operating  rntio  vis-5-vio  a  052 
operating  ratio. 

3.  I,ow  versus  high  truck  load  factor- — An  analysis  of  the 
effects  of  an  average  truck  load  factor  of  100  Cvt. 
vis-u-vJs  an  average  truck  load  factor  of  300  Cvt. 

4.  Low  versus  iiti.li  rail  3 o_ail_fn_ctor--An  analysis  of  the 
effects  of  a:,  average  rail  load  factor  of  600  Cwt. 
vlr.-a-vis  *::i  average  rail  load  factor  of  800  Cvt. 
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High  veraug  low  system  capacity— An  analysis  of  eh* 
effect*  of  axcas*  ayatom  capacity  vi*-i-vis  adequate 
ayatca  capacity  to  eaet  system  wide  demand. 

6.  High  veraua  low  level  of  ahipp  a*  logistic*  constraints— 
An  analysis, of  the  effect*  of  a  system  constrained  to 
a  large  extent  by  ahippera*  logistic*  system*  demand* 
vls-l-vls  a  system  ccnstrsined  very  little  by  ahippers' 
loglatlca  ays  tens. 

The  null  hypotheses  which  will  be  tested  are  that  none  of  the 
main  effect*  or  interaction  effect*  differ  from  zero.  That  in,  the 
null  hypotheses  state  that  none  of  the  tect  factors  (or  combinations 
of  teat  factors  being  considered)  produce  significant  differences 
between  the  performance  measures  of  the  transportation  company 
and  the  single  modal  carriers,  Rejection  of  any  of  these  null 
hypotheses  indicates  that  the  specific  test  factor  (or  combination 
of  teat  factors)  may  have  Important  cause  end  effect  relationships 
which  affect  the  economic  performance  of  the  transportation  company 
via-g-vlo  the  single  modal  carriero.  Conversely,  non-rojoction  of 
any  of  the  null  hypotheses  implies  that  the  specific  test  factor 
(or  combination  of  test  factoro)  ;noy  not  have  important  cause  and 
effect  relationships  which  affect  the  economic  performance  of  the 
transportation  company  as  compared  to  the  single  modal  carriem. 

In  the  preceding  statements  t It 0  word  nnjMios  boon  stressed. 
Thin  is  because  it.  Muni  be  emphasized  that  the  results  which  arc 
obtained  pertain  to  the  .m.ilyiiii  of  Ihu  t;  imulnt  Ion  :.,:dej  per  or. 
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That  it,  the  retults  a ra  obtained  froa  th®  manipulation  of  a 
Mthttaatical  aodel  which  was  formulated  to  resemble  the  real  world 
phenomenon.  Before  the  result*  nay  be  stated  at  truths  reaearch 
and  analysis  in  the  real  world  la  required.  The  results  nay  stand, 
however,  as  working  hypotheses  until  verified  or  disproven  by  real 
world  research. 

Fractional  Factorial  llxpc-riment* 

In  light  of  the  preceding  dienussion,  the  experimental  design 
chosen  for  this  project  must  allow  for  the  analysis  of  the  coin 
effects  and  firat-order  interaction  effect*.  Factorial  expori- 

fi 

manta  allow  for  auch  analyaio.  "A  factorial  experiment  is  one 

in  which  all  levels  of  a  given  factor  are  combined  with  all  levels 

a 

of  every  other  factor  in  the  experiment." 

In  this  project  six  teat  factors  (each  with  two  levels)  have 
been  selected  for  analysis  for  each  level  of  the  size  of  shipment 
parameter.*®  Thia  may  be  described  ns  two  26  factorial  experi¬ 
ment*!,  one  for  each  shipment  uJzo.  Title  mouno  for  one  com¬ 
plete  rcplicntlon  of  the  experiuent  there  are  128  possible  combi¬ 
nations  of  factors  for  each  of  the  three  terriers  that  musL  be 

g  -  — 

For  an  excellent  dlucusnJon  on  tho  a  ivnutugen  and  usefulness 
of  the  focf.o'ial  dunlin  for  n  ic.ul.it  i  >n  ex;  rinenta  of  tin-  nature  i 
thlo  projei: L .  »ivii  Chu'v.-my,  op.ijj.,,  pp.  2'.r.-230. 

9 

Chat'] eu  It.  lUckr.,  ruju!.!:.:.  n!  a  I  :  :  m  in  tin.:  !)•.■*■  i 'jit  nf 

Fxj»nrii:ii'ni.s  (New  York:  holt,  ifim.ii.iri,  a,,  >  '..'imtLun,  Ire.",  lvoi), 
p.  “78.' 


simulated  if  thi*  complete  factorial  experiment  was  run.  If 
additional  replications  were  added  to  increase  the  reliability 
of  the  multa,  the  nuaber  of  simulation  runt  required  become* 
rven  larger. 

In  ordler  to  reduce  the  nuaber  of  run*  required  and  yet  to 
obtain  aa  much  information  as  possible  concerning  the  aaln  end 

i 

first-order  Interaction  effect#,  a  one-half  fractional  factorial  '■ 

design  was  utilized  In  chi#  study,  A  fractiO’  .  .  .  ctorlal  design 

uses,  a#  the  name  impllei,  a  freer  '  rep'  cate  c.  a  factorial 

experiment.  The  onc-half  fractional  factor! si  ~ which  waa 

used  In  thi#  project  is  identified  in  TAble  IX.  j 

In  this  particular  design  the  main  effects  and  ll.tt  first-  i 

11  a 

order  Interaction  effects  are  confounded  with  tho  higher  order  j 

4 

Interaction  effects.  The  hlghei  order  interaction  effects  with 
which  the  main  and  first-order  Interaction  effects  arc  confounded 


•re  referred  t  a#  the  alinsoc  of  the  main  anl  fir&t-order  interaction 
12 

effects.  Thus,  in  effect,  if  ono  of  the  null  hypotheses  is 


^Hiffects  arc  confounded  with  one  another  when  the  urnnc  data 
and  estimator  of  the  of  fern  are  used  to  determine  those  (both) 


effects .  (Willing  Mcndcnlwi  \  1 ,  The  i  and  Ana1  v  sin  of  Expert  rents 
(Hclmont,  California:  WadavrorLh  Fuoi  Cor.:;’ any ,  Inc.,  1  ’J  6  8  > ,  p.  3J7. 


12 

In  the  design  used  in  this  study  each  main  effect  and  first- 
order  lnli-mcL inn  effect  Jr.  confounded  with  one  higher  order  inter¬ 
action  effect.  Th.‘  definlm;  cent  rar.  L.  which  indicates  which  vffeetu 


arc  confounded, 

for  thin  do 

u  l  ,;u  in  .M,  t  hi', 

,  'io  dettn.dne  lie 

o  aliicj  j 

of  an  effo  rt  on 

o  would  } !  ' 

‘  1-  J  V  tin:  m  £1:: 

1::^  cur. t:\i..t  hy  th 

■■■  el  ft:C  t  j 

Of  i  lilt'l  'd  t  ,  di 

"i’|>  1  uj;  t  h> 

'I'j.ii'cd  ton  . . 

i'or  i  in.  i  .into  tin- 

ill  Hi!  Ot 

tho  All  effect  I 

!i  lilt  (,’JKA. 

.tin.)')  -  ]  f.!.ii:r 

effect. 

? 

1 

l..  ^HVh...  . I...*  k  » t®M  'll 
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TAB  LE  IX13 


ONS-HALF  FRACTIONAL  FACTORIAL  DI’.SICN 


(1) 

ab 

AC 

be 

1 

•bed 

cd 

bd 

•d 

beef 

•cef 

efcef 

Af 

3 

•def 

bdof 

edef 

•bedef 

J 

•bee 

ce 

be 

At 

j 

SH 

1 

Je 

•bdo 

•ede 

bed# 

1 

e 

af 

bf 

cf 

•bef 

tedf 

•cdf 

•bdf 

df 

1 

3 

rejected  one  would  not  know  which  of  the  effects  (the  alias  or 
the  effect  of  interest)  caused  the  rejection.  In  order  to 
circumvent  this  difficulty,  the  higher  order  effects  will  be 
••••uiried  to  be  zero.  If  the  reoder  has  some  doubt  about  the  validity 
of  this  assumption,  the  results  of  this  study  will  have  (for  him) 

14 

at  least,  narrowed  the  causative  factor  to  the  proper  alias  group. 


x  j 

The  appearance  of  a  small  letter  in  the  table  moans  a  factor 
is  present  at  thu  second  (altornaU.)  level,  The  absence  of  a  letter 
moans  «  factor  is  at  the  first  (standard)  level.  (1)  signifies 
•ill  far. lorn  uro  at  the  first  level. 

14 

For  a  much  more  detailed  discussion  of  the  concepts  discussed 
In  thin  sect.  I  on,  the  reader  J:,  re  ferred  to  f.hcrvnny,  op .  c  1 1. . ,  pp.  248- 

257. 


f! 
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gUtlittcal  Analytic 

The  nathamatlc^l  model  of  the  fractional  factorial  design 
used  in  this  study  is  presented  belowt** 


(1)  X 


ljklan 


■  W  4  A.  4  B.  4  C.  ♦  D,  +  E  4  P  4 
i  j  k  1  a  n 

AB..  +  AC..  +  AD.,  4  AT..  4  AF.  4 
ij  ik  il  ltn  in 

BC..  4  BD..  4  BE.  4  BF.  4  CD.  ,  4 
Jk  J1  Ja  jn  kl 

CE.  „  4-  CF.  4  DE,  4  DF,  4  EF 
ka  kn  la  In  nn 


4  C 


ijklan 


where 


Xijklmn  *“  *',e  of  the  performance 

measure  for  n  given  run 
U  ■  the  Been  observation  of  the  performance 
measure  from  all  runs 

A.,  . . . ,  F ■  main  effects  of  the  factors 
i  n 

AB. EP  ■  first-order  interaction  effects  of 
J  3  ton 

the  test  factors 

CiJklon  "  uncxPlfllnc^  variation  of  the  obser¬ 
vation  of  a  particular  run  (error 
term) 

i  i  j,  k,  1,  tn.  n  ■  1  if  the  ob  to rv.it ion  v"3E  generated 
from  a  run  in  which  r.ho  test  factor 
was  at  level  1  or  2  if  the  test  factor 
wa«  at  level  7. 


lb, 


Hicks,  op.e  II.,  pp.  .1 1  •  •  2  3 1 . 
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% 

-i 


h 


-102- 


The  major  focus  of  this  research  project  will  deal  with  the 
statistical  tests  (and  corresponding  explanation)  of  the  null 
hypotheses  presented  in  a  previous  section  of  this  chapter.  The 
tests  will  be  conducted  to  determine  if  the  difference  between 
the  performance  measures  of  the  organizational  approaches  are 
significantly  different  from  zero.  The  analysis  of  variance 
(ANOVA)  technique  will  be  employed  to  determine  if  the  differences 
In  the  measures  arc  significant. 

Since  the  test  factors  and  their  corresponding  levels  were 
preselected  by  the  author  for  analysis,  the  fixed-effects  analysis 
of  variance  model  is  the  appropriate  statistical  ter’.viique  which 
will  be  used  to  analyze  the  effects  of  interest.^  To  utilize 
this  technique  the  following  assumptions  are  necessary; 

1.  Tie  error  terns,  joinin'  are  independently  normally 

distributed  with  a  mean  of  zero  and  a  constant  variance 

2  17 
o  . 

18 

2.  The  effects  are  additive. 

3.  The  aliases  of  the  main  and  first-order  interaction 

19 

effects  arc  zero. 

^Guenther,  op.cit. ,  p.  37.  There  is  another  A.'-'OVA  model 
which  is  appropriate  when  the  factors  are  selected  at  random.  It 
is  referred  to  as  the  random  effect'  model. 

17 Ibid.,  p.  36. 

18 

Chcrvnny ,  op^cit,,  p.  260. 

19 

This  assumption  we;  discussed  Jn  the  previous  section  of 
this  Chapter. 


Wuit  impact  would  the  non-validity  of  these  assumptions 

have  on  the  analysis?  If  the  "true"  model  of  the  experiment  is 

not  additive  the  size  of  the  error  variance  will  increase  which 

would  lead  to  le3s  significant  results  being  reported  than  is 
20 

actually  the  case.  The  author  has  no  reason  to  believe  that 
the  "true"  model  would  not  be  additive  however. 


The  remaining  discussion  will  focus  on  the  assumptions  con¬ 
cerning  the  error  terms. 

...studies  have  indicated  that  inequality  of  variances  does 
not  seriously  affect  the  F-test  [the  test  statistic  utilized 
in  the  analysis  of  variance]  ...  if  the  sample  sizes  arc 
equal  (which  is  the  case  in  this  project], 

A  further  assumption  we  made  in  discussing  the  analysis 
of  variance  techniques  was  normality  of  the  observations. 
Although  the  test  is  derived  under  this  assumption,  investi¬ 
gation  has  shown  that  failure  to  satisfy  this  condition  has 
little  effect  upon  the  F-test.  ... 

We  should  make  every  possible  effort  to  obtain  independent 
random  samples.  Nonrandomness  can  very, seriously  affect  the 
conclusions  we  draw  from  an  experiment. '' 

Thus  the  most  critical  assumption  in  the  analysis  of  variance  tech¬ 
nique  centers  on  the  independence  of  the  samples  (runs). 

Because  the  summary  statistics  used  in  the  study  are  differences 
between  the  organizational  forms,  the  same  set  random  numbers  were 
used  to  compare  the  transportation  company  with  the  single  modal 
companies  in  *>  given  run.  This  shou1 d  act  to  sharpen  the  contrast 
between  the  two  approaches.  Vet,  to  insure  the  independence  of 


20 

Cher van/,  op.cit., 

p.  263. 

21 

Guen titer,  op.cit., 

p.  63. 
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observatlons  between  runs,  a  different  s?t  of  random  numbers  was 
utilized  for  aach  run  to  determine  the  random  components  of  the 
model.  ^ 


For  a  mare  detailed  discussion  on  the  material  presented 
in  tills  section,  the  tvalor  is  referred  to  Ci.crvar.y ,  o^^cjt  . ,  pp 


266. 
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CHAPTER  V 


RESULTS  OF  THE  SIMULATION  ANALYSIS 


The  nature  and  Intent  of  this  project  has  been  described  In 
the  previous  four  chapters.  Chapter  I  presented  the  background 
and  described  the  nature  of  the  research  effort.  The  simulation 
model  was  presented  In  Chapter  II.  The  test  factors  and  costing 
data  were  described  In  Chapter  III.  The  last  chapter  outlined 
the  experimental  design  which  va6  used  to  analyse  the  results  of 
the  simulation. 

This  chapter  discusses  the  results  of  the  simulation. 
Attention  wil.'  be  focused  on  the  effects  upon  the  performance 
measures  produced  by  the  various  test  factors.  The  analysis  will 
be  concerned  with  describing  the  nature  of  the  effects  and  dis¬ 
cussing  the  model  operations  uhich  caused  them.  The  implications 
of  the  results  for  the  real  world  will  be  reserved  for  the  final 
chapter. 


Nature  of  the  Analysis 

As  previously  stated,  the  purpose  of  Lhis  dissertation  is 
to  determine  the  effects  the  selected  test  factors  have  on  the 
economic  consequences  resulting  from  the  .^rmstion  of  transpor¬ 
tation  companies  vls-.T-vJs  single  modal  carriers.  Therefore,  the 
principal  focus  of  the  results  of  the  research  will  be  placed  on 
how  the  two  organizational  approaches  differ  with  respect  to  the 
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performance1  measures.  That  is,  the  analysis  of  variance  that  is 

•  '  I 

being  used  to  statistically  analyze  the  output  of  the  simulation 
will  be  concerned  with  the  difference  between  the  transportation 
company  performance  measures  and  the  sum  of  the  performance 
measures  of  the  single  modal  carriers.  More  specifically,  the 
summary  statistics  which  will  be  analyzed  are  the  performance 

i  . 

measures  of' the  transportation  company  minus  the  performance 
measures  of  each  single  modal  company.  An  example  should  help  to 

I 

clarify  this  measurement  approach.  Suppose  that  on  a  given  simu¬ 
lation  run  the  actual  contribution  of  the  transportation  company 
was  $224,000.00  ns  compared  to  $163,000.00  for  the  railroad  and 
$52,000.00  for  the  trucker.  The  statistic  which  would  be  entered 
into  analysis  of  variance  calculations  would  be  $224,000.00  - 
($163,000.00  +  $52,000.00)  -  $9,000.00. 

7.-.\  order  to  determine  if  these  differences  are  statistically 
significant,  a  standard  of  comparison  is  required.  The  analysis  of 
variance  technique,  that  is  being  utilized  to  analyze  the  results, 
measures  the  effects  of  the  test  factors  in  terms  of  deviations 
from  the  mean  of  the  performance  measure  in  question.  In  other 
words,  the  standard  of  comparison  used  in  this  study  is  the 

i 

average  of  the  differences  of  the  performance  measures  between 
the  transportation  company  and  the  single  modal  carriers.  The 
discussion  of  the  results  will  describe  the  mechanisms  which  caused 


the  effects. 
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As  mentioned  In  Chapter  IV,  64  different  simulation  runs  were 
required  to  measure  the  effects.  The  analysis  concentrates  upon 
the  differences,  between  the  organizational  approaches,  of  the 
six  performance  measures:  (1)  expected  contribution,  (2)  actual 
contribution,  (3)  price  paid,  (4)  amount  of  truck  movements,  (5) 
amount  of  piggyback  movements;  and  (6)  the  amount  of  rail  move¬ 
ments.  For  each  of  the  simulation  runs  these  statistics  were 
gathered. 

It  was  also  mentioned  In  the  last  chapter  that  the  mean 
difference  between  the  performance  measures  of  the  transportation 
company  and  the  single  modal  carriers  would  be  tested  for  signi¬ 
ficance.  In  other  words,  the  results  of  this  type  of  a  test 
would  indicate  if  there  is  an  appreciable  difference  between 
the  performance  measures  "on  the  average".  In  order  to  obtain 
the  average  difference  in  performance  measures  between  the  organi¬ 
zational  alternatives  the  above  six  measures  were  averaged  over 
the  simulation  runs.  The  average  differences  for  each  level  of 
the  size  of  shipment  parameter  are  presented  in  Table  Xa. 

Explanation  of  the  Average  Pcrf orr.ar.ee  Measures 
Some  explanation  of  hov:  to  interpret  the  average  performance 
measures  is  . ucescary,  but  before  beginning  this  discussion  the 
relationships  between  the  performance  measures;  will  be  recapitu¬ 
lated.  The  expected  contribution  of  the  carriers  is  a  projection 
made  by  the  carriers;  based  upon  their  forecast  of  the  total 
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surket  for  transportation  for  each  route  segment  and  their  fore¬ 
cast  of  their  market  share.  The  actual  contribution  of  the 
carriers  is  based  upon  how  they  allocate  equipment  to  the  various 
segments,  the  accuracy  of  their  forecasts,  the  shippers'  modal 
selection  policy  as  well  as  carrier  pricing  decisions.  The  price 
paid  by  shippers  for  transportation  services  is  a  function  of  the 
shippers'  modal  selection  policy,  the  demand  for  transportation, 
the  carriers  pricing  and  equipment  allocation  decisions.  The 
amount  of  truck,  piggyback,  and  rail  movements  are  dependent  upon 
the  pricing  and  equipment  allocation  decisions  of  the  carriers 
as  veil  as  the  shippers'  modal  selection  policy  and  market  demand. 

The  first  three  performance  measures — expected  contribution, 
actual  contribution,  and  price  paid — are  directly  concerned  with 
tha  economic  Impact  the  two  organizational  alternatives  have  on 
the  carriers  and  users  of  transportation.  The  latter  three 
measures — amount  of  Cwt.  moved  by  truck,  piggyback,  and  rail — are 
determinants  of  the  first  three  measures.  In  other  words,  the 
expected  and  actual  amount  of  Cwts.  moved  by  each  method  of  move¬ 
ment  determines  the  expected  and  actual  contribution  of  the 
carriers  and  the  price  paid  for  transportation  by  users.  For 
instance,  t.'re  actual  contribution  obtained  by  the  carriers  is 
d  ,  .adcr.t  upon  the  amount  of  piggyback,  truck,  and/or  .  movements 
that  take  place.  These  interdependencies  between  Liic  performance 
measures  v: J 1 1  aij  in  the  explanation  of  the  cause  and  effect  relation¬ 
ships  between  tent  factors  and  significant  performance  measures. 
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A b  Indicated  in  the  last  chapter  a  t  test  was  utilized  to 
determine  if  the  mean  differences  in  the  performance  measures 
between  the  organizational  approaches  were  statistically  signifi¬ 
cant.*  The  results  of  the  test  are  indicated  by  the  use  of 
asterisks  in  Table.  Xa.  One  asterisk  (*)  indicates  the  hypothesis 
is  significant  at  the  102  level.  That  is,  one  asterisk  means  the 
null  hypothesis  is  not  accepted  (rejected)  with  the  probability  of 
10%  that  the  null  hypothesis  is  in  fact  true  (Type  I  statistical 
error).  Two  asterisks  (**)  indicate  significance  at  the  5%  level. 
Three  asterisks  (***)  indicate  the  results  are  significant  at 
the  1%  level. ^ 

As  can  be  seen  in  Table  X,  the  differences  between  the  means 
of  the  transportation  company's  performance  measures  and  those 
of  the  combired  “ingle  modal  carriers  are  in  most  cases  signifi¬ 
cant.  Table  Xb  presents  the  relative  differences  in  performance 
measures  between  the  transportation  company  and  the  single  modal 
carriers.  For  instance  in  the  TL/ Cl.  market,  the  transportation 
company  made  44%  fewer  piggyback  movements  than  did  the  single 
modal  carriers. 


*Supra,  chapter  iv,  p.  98. 

2 

These  significance  levels  are  appropriate  for  a  single 
test,  when  one  con  due;  is  multiple  tests  the  probability  cf 
faiooiy  rejecting  at  least  one  true  null  hypothesis  is  (1  -  p 
(not  rejecting  on  all  the  tests)).  See,  for  example, 
Mendenhall,  op, (It.,  p.  173. 
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TABLE  X 

•:  AVERAGE  DIFFERENCES  OF  THE  PERFORMANCE 

MEASURES  BETWEEN  THE  TRANSPORTATION  COMPANY 
AMD  THE  SINGLE  MODAL  CARRIERS 


TL/CL  Movements 

LTL  Movements 

Expected  Contribution 

*** 

$24,221.53 

$  18,158.30* 

Actual  Contribution 

*** 

$23,143.72 

$  17,513.62* 

Price  Paid 

7,662.38 

-  92,475.94*** 

Truck  Movements 

-  7,481  Cwt. 

AS* 

-101,650  Cwt. 

Piggyback  Movements 

-49,331  Cwt.** 

*** 

91,306  Cwt. 

Rail  Move men ns 

*** 

70,388  Cwt. 

~ — 

* 

Significant 

** 

Significant 

** 

Significant 


at  the  107,  level 
at  the  57  level 
ar.  the  17  level 


TABLE  X 

b:  THE  AVERAGE  DIFFERENCES  AS  A  PERCENTAGE 

INCREASE  (+)  OR  DECREASE  (-)  OF  THE  COMBINED 
SINGLE  MODAL  PERFORMANCE  MEASURES 


TL/CL  Movements 

LTL  Movements 

Expected  Contribution 

+113! 3 

+173! 

Actual  Contribution 

+113! 

+16Z 

Price  Paid 

+  13! 

-123! 

Truck  Movements 

-  4% 

-353! 

Piggyback  Movements 

-443! 

_ 4 

Rail  Movements 

+243! 

As  indicated  in  Table  X,  one  may  conclude  the  expected  contri¬ 
bution  and  the  actual  contribution  of  the  transportation  company 
is  larger  than  the  single  modal  carriers,  although  at  different 
levels  of  significance.  The  price  paid  by  shippers  is  significantly 


less  for  LTL  movements  when  transported  by  the  transportation  company. 
The  price  paid  for  services  was  not  significantly  different  between 
the  two  approaches  for  TL/CL  movements.  In  the  LTL  category,  the 
transportation  company  moved  lose  goods  by  truck  and  more  by  piggyback, 
which  contributed  both  to  the  higher  contribution  and  reduction  in 

The  figures  in  this  Cable  represent  the  raLio  of  the  average 
differences  m  performance  measures  (Table  Xa)  to  the  average 

2  ^  p'j  j  33 

combined  single  modal  performance  Measures,  c.g.,  K  +111. 

Zu*.  f  /  J  o  *  0  j 

4 

There  were  no  single-  modal  piggyback  movements  Jn  LTL 
freight.  The  increase  in  Cvt,  moved  by  piggyback  in  the  transpor¬ 
tation  company  setting  w.u;  91.1 >00  Cwt. 
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pricc  piid  by  shipper*.  In  the  TL/CL  category  of  movement, 
the  transportation  company  made  more  movements  by  rail  and  fewer 
by  piggyback  than  did  the  eingle  modal  carriers.  In  general, 
this  occurred  because  the  single  modal  trucker  participated 
in  Plan  1  moves  when  he  was  not  the  low  cost  carrier.  In  a 
large  number  of  cases  when  this  occurred,  the  rail  mode  was  low 
cost  but  Plan  I  was  competitive.  Hence  the  transportation  company 
shifted  Plan  I  moves  to  rail  in  those  cases,  which  of  course, 
effected  contribution  and  price.  Other  factors  played  an  important 
role  on  the  performance  measures  which  will  be  explained  in  great 
detail  in  the  next  section  of  this  chapter. 

To  reiterate,  the  figures  in  Table  :<&  represent  the  average 
differences  between  the  transportation  company  performance  measures 
and  those  of  the  railroad  and  trucker.  For  instance,  in  the  TL/CL 
category  of  movements,  the  transportation  company  had  generated 
$23,1C3.72  on  the  average  more  contribution  than  the  railroad  and 
trucking  companies.  In  the  same  manner,  in  the  LT1,  category  of 
moveccntfl,  the  transportation  company  moved  101,650  Cwt.  of 
product  less  by  truck  than  did  the  single  modal  carriers  (the  trucker). 

It  should  also  be  painted  out  that  the  differences  between 
the  amount  of  truck  movements,  in  tho  LTI.  category,  is  not  com¬ 
pletely  made  up  by  piggyback  movements .  In  other  words,  the. 
transportation  company  moves  J01,050  Cwt.  less  by  truck  than  the 
single  modal  carriers,  but  shifts  only  91,300  Cwt.  to  piggyback 
movements .  On  the  other  hand,  i ::  *  TI./CL  category,  the  fewer 
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truck  load  and  piggyback  movements  arc  more  than  compensated  for 
by  rail  movements. 

Why  la  this  so?  In  the  TL/CL  situation  cany  factors  say 
contribute  to  this  effect.  For  instance,  there  were  situations 
on  soae  rout*'  negnents  whore  the  trucker  was  not  the  low  cost 
carrier  but  could  compete  for  traffic.  If  the  trucker  exhausted 
his  equipment  capacity  on  other  route  segments,  in  the  single  tnudal 
sotting,  demand  for  service  was  unmet  on  some  route  segments. 

The  transportation  company,  on  the  other  hand,  If  It  had  rail 
capacity  couJd  substitute  this  service  if  not  constrainted.  Thus, 
the  differences  in  the  amount  of  movement  by  each  mode  need  not 
■urn  to  zero.  Similar  consideration!;  cone  into  play  in  the  LTL 
category  of  movement. 

The  LTL  category  of  movement,  however,  doos  have  a  unique 
situation  which  must  be  discussed.  In  the  model,  the  single  modal 
trucker  really  has  no  competition  for  LTL  movements.  This  is  the 
same  as  saying  the  model  is  considering  only  that.  LTL  portion  of 
the  market  which  moves  by  common  carrier  truck.  At  any  rate,  the 
trucker  and  the  railroad  do  not  have  to  participate  In  Tlnn  I 
piggyback  movements.  If  they  do  participate,  they  will  split  the 
profit  contribution  on  the  basin  of  cost  contributions  an 
explained  in  Chapter  IJT.  Since  the  trucker  lias  no  real  compe¬ 
tition  for  LYL  traffic,  he  will  net  his  LTL  rate  at  bis  full  cos  in, 
consistent  v;ith  the  pricing  policy  established  in  Chapter  II, 

Thu::,  in  l.i  i.  chav:::-  n is  the  single  modal  intcki  r  is  not  likely  to 
participate  ,;n  I’Jnn  1  r.eviMirLs. 


-.1  - 
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Xq  the  case  of  TL/CL  movements,  the  full  cost  of  toe  lev  cost 
node  will  govern  the  action  of  the  single  joHsI  trucker.  If  Vlen 
II  piggyback  or  the  rail  mode  is  low  cost,  the  trucker  Bay  wish  to 
participate  In  Plan  I  aoveaente  to  obtain  sobs  share  of  the 
competitive  riarket. 

Regardless,  the  transportation  company  will  establish  the  rate 
at  the  full  cost  of  the  low  cost  mode.  In  the  case  of  LTL  move¬ 
ments  either  at  the  trucking  full  costs  or  the  piggyback  full  coatB 
whichever  is  lowest  for  c  given  route  segment.  Thus  in  the  single 
modal  LTL  market  segment,  the  product  will  be  moved  at  the  full  costB 
of  the  trucker,  while  the  transportation  company  will  price  its 
services  at  the  full  cost  of  the  low  cost  method.^  In  a  large 
number  of  cases,  the  full  cost  of  piggyback  movements  were  lower 
than  the  full  costs  of  truck  movements.  This  Is  what  creates  the 
large  difference  In  price  paid  for  transportation  services  In  the 
LTL  category  between  the  transportation  company  and  the  single 
modal  carriers,  ns  shown  in  Table  X.  Furthermore,  the  rail 
flatcar  capacity  waB  the  limiting  resource  of  the  transportation 
company.  Because  the  transportation  company  was  pricing  services 
at  the  full  cost  of  the  low  cost  mode,  some  trucking  movements 


in  practice  it  nay  bo  more  likely  that  the  transportation 
company  would  price  its;  services  in  the  LI  I.  market  at  the  trucker's 
full  costs,  "i ho  pricing  policy  wou':J  depend  upon  hew  the  I.C.C. 
would  react  to  the  transportation  company  pricing  iLs  servicer,  in 
the  LTL  market  at  its  full  cents.  If  the  transportation  company 
did  price  at  trucker's  full  costs,  the-  differ  (.•■ace  between  tiic 


expected  a:ui  actual  con li i but  ions 


lb 


or:;.!:; ! .-.at J onu J.  furns 


would  become  even  larger  than  that  in  table  X, 
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ver«  not  attractive  even  alter  all  the  flatcar  capacity  had  been 
exhausted.  This  accounts  for  the  difference',  between  the  amount 
of  trucking  icoveaents  not  being  fully  compensated  for  by  piggyback 
aovesenta  for  LTL  movements  in  Table  X. 

Analysis  of  the  Test  Factors 

Before  proceeding  with  the  analysis  or  the  test  factors,  the 
•ynbollc  representations  of  the  test  factors  will  be  recapitulated. 
The  symbol*  which  arc  associated  with  each  test  factor  are  displayed 
in  Table  XI.6 

TABLE  XI 

TEST  FACTOR  SYMBOLS 
A  Truck  Operating  Ratio 

B  Rail  Operating  Ratio 

C  Truck  Load  Factor 

D  Rail  Load  Factor 

F.  System  Capacity 

F  Shippers'  Logistics  Constraints 

This  section  presents  the  analysis  of  the  effects  produced 
by  the  sIk  test  factors,  for  each  level  of  the  size  of  shipments 
parameter,  on  each  o e  the  performance  measures.  The  analysis  will 
bo  composed  of  two  parts.  First  the  effects  which  are  found  to  be 
statistically  significant  will  be  Ivhnt  :  icj.  Secondly,  an 

6 lot  detail  concern the  levels  oi  the  i factors,  the 
reader  in  referred  to  ’i.»blu  1,  Chapter  Ill,  Supj^..,  p.  6.', , 
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explanation  of  what  "caused"  the  factor  to  be  significant  in  terns 
of  the  manner  in  which  the  model  operated  will  be  given.  One  cannot 
be  absolutely  sure,  however,  that  the  explanations  will  be  complete 
or  accurate.  This  is  because  of  the  complexity  of  the  interactions 
of  the  system  which  required  simulation  to  be  used  as  a  methodology 
to  study  the  transportation  company  concept. 

As  indicated  in  the  last  chapter,  the  main  effects  and  inter¬ 
action  effects  will  be  tested  i.or  significance.  The  main  effects 
and  interaction  effects  are  numerical  measures  of  each  type  of  effect. 
"In  general,  an  effect  is  the  average  difference  between  observations 
(of  a  particular  performance  measure)  generated  from  simulation  runs 

where  a  test  factor  is  at  its  alternate  level,  and  the  observations 

7 

where  a  test  factor  is  at  its  standard  level".  The  effects  are 

8 

defined  mathematically  as  follows; 

1.  MAIN  EFFECTS 

n 

n  X 


ME 


j  X.,  •• 

I  — -*•  -  I  —=■ 

J  i-1  nj  i-1  n 


(j  -  1 . 6) 


where : 


MEj  -  main  effect  of  the  jth  test  factor 
Xjj  •  ith  observed  measure  when  the  jth  test  factor  is 
at  its  alternate  level, 

X^  *  ith  observed  measure  when  the  jth  test  factor 
is  at  its  standard  level, 


8 


Chcrvany,  op.cl t. ,  p.  272. 
Ibid.,  j>.  273. 


£ 

J 


umesearnm 


if -TiTjr? 
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n.  **  the  number  of  observations  when  the  jth  test 

J 

factor  Is  at  its  alternate  level,  and 
n  •  the  number  of  observations  when  the  jth  test 
factor  is  at  its  standard  level. 

2.  FIRST-ORDER  INTERACTION  EFFECTS: 


( j ^  “  1,  • ♦  •  •  6) 
(]2  B  !.  ....  6) 
(Jj  *  J2) 


where: 

IE,  .  B  first-order  interaction  effect  of  the  j.th 
31J2  1 
and  j^th  test  factors, 

X.  ,  .  *  ith  observed  measure  when  the  two  test  factors 

Jr2 


(j^  and  j^)  ate  both  at  their  alternate  levels, 
ith  observed  measure  when  test  factor  is  at 
its  standard  level  and  test  factor  *£  at  *ts 
alternate  level, 

ith  observed  measure  when  test  factor  j ^  is  at  its 
alternate  level  and  tast  factor  is  at  its 
star,  lard  level, 

ith  ouserved  measure  when  both  test  factors 


and  j^)  are  at  their  standard  levels. 


j 


-118- 


^1^2  "  t^e  nuo^er  of  observations  when  the  two 

teat  factors  (J^  and  j^)  are  both  at  their 
alternate  levels, 

n.  ■  the  number  of  observations  when  test  factor 

h 

la  at  Its  standard  level  and  test  factor 
jj  1®  at  Its  alternate  level, 

n.  ■  the  number  of  observations  when  test  factor 

J1 

is  at  its  alternate  level  and  test  factor 
is  at  its  standard  level,  and 
n  ■  the  number  of  observations  when  both  test 
factors  (j^  and  J2)  are  at  their  standard 
levels. 


An  example  should  help  to  clarify  how  the  measurement  calcu¬ 
lations  are  made.  From  Tabic  X  the  difference  between  the  expected 
contribution  of  the  transportation  company  and  the  expected  contri¬ 
bution  of  the  single  modal  carriers  Is  $24,221.53  for  Tl/CL  move¬ 
ments.  Hie  average  difference  between  the  expecced  contribution 
when  the  truck  operating  ratio  was  at  its  alternative  level,  i.e., 
91X  was  24,169.07.  Similarly,  when  the  truck  operating  ratio  was 
at  itr,  standard  level,  i.e.,  99X,  the  average  difference  in 
expectcvl  contribution  between  the  organizational  alternatives  was 
74273. 39.  The  difference  between  these  averages  ($103.72)  is  the 
main  effect  cf  the  low  operating  ratio  (917;)  over  the  high  operating 


ratio  (99::). 


-119- 


The  operational  interpretation  of  the  interaction  effects 
is  ouch  the  cone.  For  example,  the  interaction  effect  of  truck 
operating  ratio  and  system  capacity  (AE  interaction,  see  Table 
Xlla)  resulted  in  an  increase  in  the  difference  between  the 
expected  contribution  of  the  transportation  company  as  compared 
to  the  single  nodal  carriers  of  $8883.32.  This  represents  the 
average  of  the  expected  contribution  when  both  factors,  A  and 
E,  were  at  their  standard  levels  plus  the  average  when  both 
factors  were  at  their  alternate  levels  minus  the  averages  when 
one  factor  was  high  and  the  other  factor  low. 

Before  proceeding  with  the  analysis,  the  direction  of  the 
change  in  the  economic  performance  measures  brought  about  by  changes 
in  the  levels  of  test  factors  deserves  some  discussion.  An  Increase 
in  the  expected  and  actual  contribution  indicates  that  the  transpor¬ 
tation  company  is  more  "profitable"  than  the  single  modal  carriers. 

A  decrease  in  thses  performance  measures  indicates  under  what 
circumstances  (test  factor  levels)  the  single  nodal  carriers  may 
economically  out  perform  the  transportation  company.  Similarly, 
an  increase  in  price  paid  would  mean  the  single  modal  carriers 
were  more  economical  to  users  than  a  transportation  company. 
Conversely,  a  decrease  in  the  price  paid  for  transportation,  indi¬ 
cates  the  transportation  company  may  bo.  core  economical  to  users 


than  single  modal  competitive  carriers. 
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The  effects  of  the  test  factors  are  summarized  in  Tables  Xlla 
through  XVIIb.  The  results  of  the  analysis  of  variance  are  identified 
by  the  use'  of  asterisks  as  described  earlier  in  this  chapter. 

Effects  of  a  Change  in  Truck  Operating  Ratio  (99*1-91?,)  on  the 
Performance  Measures 

The  effects  of  the  change  in  truck  operating  ratios  are  pre¬ 
sented  in  Tables  Xlla  and  Xllb.  These  results  Indicate  that  no 
significant  change  in  the  performance  measures  occurred  due  to 
changes  in  this  factor.  The  lone  exception  to  the  lack  of  signifi¬ 
cant  effects  took  place  in  the  amount  of  rail  movement  measure  in 
the  TL/CL  category  of  movements.  The  interaction  of  a  decrease 
in  truck  operating  ratio  with  a  reduction  in  system  capacity  caused 
oore  movements  to  take  place  by  rail  boxcar.  The  reason  for  this 
result  is  that  the  change  in  truck  operating  ratio  did  cause  more 

I 

movements  to  take  place  by  truck,  although  not  a  significant  amount, 
by  shifting  piggyback  movements  to  the  trucking  node.  VThcn  the 
trucking  mode  capacity  was  restricted,  the  transportation  company 
would  in  general,  when  not  constrained,  shift  trucking  moves  to 
rail  moves,  especially  on  the  longer  route  segments  where  the  rail 
mode  even  If  not  low  cost  made  a  substantial  contribution  to  profit 


and  fixed  and 'or  common  costs. 
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Effects  of  a  Change  in  Rail  Operating  Ratio  (B5%-63%  on  the 
Performance  Measures 

The  effects  of  the  change  In  rail  operating  ratios  are  pre¬ 
sented  in  Table  XHXa  and  Xlllb.  There  are  a  number  of  statistically 
significant  results  in  all  the  performance  measures  except  on  the 
amount  of  truck  movements. 

Expected  Contribution — In  both  the  Tl/CL  and  LTL  categories 
of  movement,  the  reduction  in  rail  operating  ratio  caused  a 
significant  increase  in  the  expected  contribution  of  the  transpor¬ 
tation  company  as  compared  to  the  single  medal  companies.  There 
was  also  a  significant  Interaction  of  a  decrease  in  rail  operating 
ratio  with  an  increase  in  rail  load  factor  in  the  TL/CL  movement 
category.  This  interaction  (BD)  had  the  effect  of  lowering  the 
•xpectcd  contribution  of  the  transportation  company  viB-a-vis  the 
single  modal  companies. 

Actual  Contribution— Again  for  both  TL/CL  nnd  LTL  movements, 
the  reduction  cf  rail  operating  ratio  caused  a  significant  increase 
in  the  actual  contribution  of  the  transportation  company  as  com¬ 
pared  to  the  single  modal  carriers.  There  was  also  a  significant 
interaction  of  a  decrease  Jr  rell  operating  rnLio  with  an  increase 
in  rail  load  factor  (BD)  in  the  TL/CL  movement  category.  As  one 
might  expert,  this  interact 'on  had  the  same  effect  on  actual  contri¬ 
bution  as  it  did  on  expected  contribution;  that  is,  it  caused  r, 
love li ii;,  of  the  actual  contribution  of  the  transportation  company 
vis-a-vis  the  o Ingle  modal  carrier:.. 
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Prlce  Paid— The  change  in  rail  operating  ratios  caused  a 
significant  reduction  in  the  price  paid  fur  transportation  services 
for  user;  of  the  transportation  company  vis-a-vis  the  single  modal 
carriers  —  '.he  TL/CL  category  of  movement;.  This  factor  had  no 
effect  on  •  price  paid  for  LTL  movements.  There  wa9  one  signifi¬ 
cant  intera.  n  with  the  truck  load  factor  (BC)  in  thi9  performance 
measure  for  ‘  L  movements.  This  interaction,  a  reduction  in 
rail  operating  :  tio  and  an  increase  in  truck  load  factor  had  the 
effect  of  lowcrli.,.-  the  price  of  service  for  the  users  of  the 
transportation  cor  '.nj  as  compared  to  the  single  modal  carriers. 

Amount  of  Pi~i?;b-  ■ Movements— The  reduction  in  rail  operating 
ratio  caused  a  signifl  w.-.s-.Lly  fewer  amount  of  piggyback  movements 
to  take  place  in  the  tra:.  ortation  company  setting  than  in  the 
single  modal  carrier  euvlvcrment  for  TL/CL  movements.  There  was 
no  significant  differenc  bef-ven  the  systems  as  far  as  LTL  move¬ 
ments  are  concerned. 

Amount  ov  lb-ii  Mivenient^  .ver  piggyback  movements  were 

compensated  by  a  larg/r  ^.uiount  c:  :  cl  movements  in  the  TL/CL 
category.  There  ate,  c(  course,  :o  '•  "ji-  movements  being  considered 
in  the  LTL  category.  The  redut o,.  oi  operating  ratio  com¬ 
bined  with  an  increase  rail  lead  iactoj  .educed  a  signifi¬ 

cant  irtcruction  (bl)  lc  i  had  the  cl ‘.to!  o.  inducing  the  number 
of  rail  movements. 


II), Will! M«! VLimi. A..  I'tfh.,"’ ni;|1...t.il.ijtTitli!  *LA* n-  a*. .  ,LajLifilllilhbfS.'iillllla!ll'l^ilLlJ-lAiL>fahlls.«.^LJl 
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Explanations — What  interrelationships  within  the  simwlc  »c 
•ystem  cause!  these  changes  in  the  performance  measures?  To  !.cr/r 
the  discussion,  it  was  pointed  out  that  the  transportation  company 
experienced  larger  expected  and  actual  contributions  in  both 
categories  of  movement  than  did  the  single  modal  companies  with 
a  reduction  in  the  rail  operating  ratio.  The  reasons  for  the 
increased  profit  contribution  of  the  transportation  company  over 
the  single  modal  companies  are  the  sane  in  both  cases.  The 
transportation  company  shifted  traffic  frem  truck  and  piggyback 
to  rail  movements.  It  did  this  to  the  extent  possible,  That  is, 
the  transportation  company  shifted  as  much  traffic  to  the  rail  mode, 
which  the  single  modal  companies  were  moving  by  rail  and  piggyback, 
as  it  could  without  violating  shippers'  logistics  constraints  and 
capacity  constraints. 

The  significant  Interaction  effects  under  expected  contri¬ 
bution  and  actual  contribution,  ED,  indicates  that  the  combination 
of  a  low  rail  operating  ratio  and  a  high  rail  load  factor  signifi¬ 
cantly  reduced  the  expected  and  actual  contribution  of  a  transpor¬ 
tation  company  as  compared  to  its  single  modal  counterparts.  It 
must  be  remembered,  however,  that  these  results  must  be  interpreted 
in  conjunction  with  the  results  displayed  in  Table  X.  It  can  be 
seen  that  the  ED  interaction  is  negative  in  each  case.  Thus,  the 
BD  interaction  effect  is  to  lower  the  figure  of  the  expected  end 
actual  contribiii ion  in  Table  X.  The  reason  the  15!)  interaction  is 
negative  is  that  this  comb jnaticn  is  the  most  favorable  rail  position 


1 

i 

| 


J 
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£or  single  modal  carriers.  Thus  Che  formation  of  a  transportation 
company  with  these  rail  characteristics  while  still  improving 
the  profit  situation  of  the  transportation  company  over  the  single 
modal  carriers  does  not  result  In  as  large  an  increase  as  the 
average  presented  in  Table  X. 

The  effect  of  a  reduction  in  rail  operating  ratio  was  to 
reduce  the  difference  in  total  price  paid  for  transportation  by 
users  between  the  organizational  approaches.  The  reduction  in  rail 
operating  ratio  made  the  rail  mode  in  both  organizational  settings 
the  most  "profitable"  method  of  movement  c:.  a  large  number  of 
route  segments.  Also,  the  reduction  in  rail  operating  ratio  made 
the  rail  mode  much  more  competitive  with  the  independent  trucker. 

In  other  words,  on  some  route  segments  when  the  rail  mode  had  a 
high  operating  ratio  the  only  traffic  it  could  obtain  was  that 
reserved  for  the  mode  due  to  shippers'  logistics  constraints.  On 
other  route  segments  the  rail  carrier  would  attempt  to  compete 
with  Plan  II  movements.  Under  these  circumstances  the  single  modal 
trucker,  in  a  number  of  situations,  would  exhaust  his  capacity 
before  demand  was  satisfied.  The  transportation  company,  on  the 
other  hand,  because  it  controlled  both  modes  made  different  allo¬ 
cation  decisions  (based  upon  total  system  wide  contribution 
("profit")  maximization)  v.-hich  resulted  in  more  demand  being 
satisfied,  because,  more  demand  was  satisfied,  the  corresponding 
total  price  paid  for  service  was  greater  for  the.  transportation 


company  that  the  single  red. a]  carriers,  when  the  rail  mud-  had  a 
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high  operating  ratio.  Thus  the  reduction  in  rail  operating  ratio,  '§ 


since  it  enrbled  the  single  nodal  rail  carrier  to  be  more  com-  fj 

1 


petitive,  reduced  the  difference  in  the  price  paid  between  the 


transportation  company  and  the  single  modal  carriers.  In  fact, 
on  a  large  number  of  runs,  where  the  rai)  operating  ratio  was  at 


its  low  level,  the  difference  in  price  paid  between  the  two 


alternative  organizational  approaches  was  zero.  Thus,  the  overall 
effect  of  a  reduction  in  rail  operating  ratio  was  to  Increase  the 
contribution  of  the  transportation  company  over  that  of  the  single 
modal  carriers  at  substantially  the  same  price  to  users  as  that 
paid  to  the  single  modal  companies. 

The  interaction  of  a  reduction  In  rail  operating  ratio  and 
an  increase  In  truck  load  factor  (DC)  had  much  the  same  effect  as 
that  described  in  the  last  paragraph.  The  increase  in  truck  load 


3 

I 

I 
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factor  coupled  with  a  reduction  in  rail  operating  ratio  made  piggy¬ 
back  movements,  in  general,  the  dominant  method  of  movement  in 
both  organizational  settings.  Hence,  the  difference  in  price  paid 
for  transportation  set  vices  between  the  organizational  alternatives 
was  very  ouch  closer  together  than  when  the  truck  load  factor 
was  at  it9  low  level.  In  other  words,  the  difference  in  price 
paid  for  services  between  the  organizational  alternatives  under 
these  circumstances  (factor  levels)  vas  zero  or  nearly  zero  in 
all  cases,  as  opposed,  to  situations  when  these  factors  were  at 
the 1 r  standard  leve]s. 
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Effccts  of  a  Change  in  Truck  Load  Factor  (100  Cwt. -300  Cwt. 


on  the  Performance  Measures 


The  effects  of  the  change  in  truck  load  factor  from  100  Cwt. 
to  300  Cwt.  are  presented  in  Table  XlVa  and  XlVb.  The  change  in 
this  factor  produced  several  statistically  significant  results. 


Expected  Contribution — The  Increase  in  the  truck  load  factor 
significantly  reduced  the  expected  contribution  of  the  transpor¬ 
tation  company  vis-S-vis  the  single  modal  companies  in  the  LTL 
category  of  movements.  This  factor  had  no  significant  effect  on 
expected  contributions  for  CL/TL  movements.  There  were  two  6ignifi 
cant  interaction  effects  for  this  measure.  The  CD  interaction 
effect,  increased  truck  load  factor  with  low  system  capacity, 
was  to  significantly  increase  the  expected  contribution  of  the 
transportation  company  vis-a-vis  the  single  modal  carriers.  The 
same  kind  of  effect  was  caused  by  the  CD  interaction  effect,  high 
truck  load  factor  with  high  rail  load  factor. 


Actual  Contribution — The  change  in  truck  load  factor  produced 
no  significant  main  effects  in  this  performance  measure.  There 
were  two  significant  interaction  effects  however.  Again  for  the 
TL/CL  movements,  the  interaction  effect  with  system  capacity  (CE) 
was  to  increase  the  actual  contribution.  This  same  kind  of  reaction 
was  produced  by  the  interaction  effect  with  rail  load  factor  (CD) 
in  LTL  movements. 
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Price  Paid — The  Bain  effects  of  a  change  in  truck  load  factor  j 

was  significant  in  both  categories  of  movement.  The  effect  in  ! 

both  cases  was  to  Increase  the  price  of  services  of  the  transpor¬ 
tation  company  coopered  *-  the  single  nodal  carriers.  Several 
interaction  effects  were  significant  as  well.  The  Interactions  of  J 

truck  load  factor  with  (1)  rail  operating  ratio  (CB),  (2)  system 
capacity  (CE) ,  and  (3)  6ysteo  logistics  constraints  (CF)  were  all 
significant  in  TL/CL  movements.  The  last  two  interaction  effects 
acted  to  increase  the  price  paid  while  the  first  acted  to  decrease 
the  price  paid. 

Amount  of  Truck  Movements— The  change  in  truck  load  factor  ; 

had  no  significant  effect  on  the  amount  of  product  moved  by  truck  | 

in  the  TL/CL  movement  classification.  This  test  factor  change 

i 

did,  however,  cause  a  significcnt  increase  in  the  amount  of  truck 
movements  of  the  transportation  company  vis-a-vis  the  single  modal 
carriers  for  the  LTL  movements.  There  were  also  two  significant  "■ 

interaction  effects  in  the  LTL  classif1 cation.  The  interaction 
with  rail  load  factor  served  to  decrease  the  number  of  truck  move¬ 
ments  significantly.  On  the  other  hand,  the  interaction  of  truck  ^ 

•r 

load  factor  with  shippers'  logistics  constraints  served  to  increase 
the  arount  .  f  Cwt.  moved  by  truck. 

Amount  of  !'  I  payback  M.vercnts — The  amount  of  Cwt.  coved  by 
piggyback  was  significantly  Inc  rear- ed  in  TL/CI.  trovemenls  and  was 
Significantly  decreased  in  I.TL  movements  by  an  increase  in  truck 
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load  factor.  There  were  three  significant  Interaction  effects. 

For  TL/CL  ocveoents  the  interaction  with  <.  low  system  capacity 
(CE)  significantly  decreased  the  number  of  piggyback  movements. 

For  LTL  movements,  the  interaction  of  high  truck  load  factor 
with  high  rail  load  factor  served  to  increase: the  amount  of  Cwt. 
moved  by  piggyback.  On  the  other  hand,  the  interaction  with 
low  shippers'  logistics  constraints  acted  to  reduce  the  number  of 
piggyback  movements. 

Explanations — Because  of  the  large  number  of  significant 
interactions  associated  with  a  change  in  the  truck  load  factor, 
discussion  of  the  effect  of  a  change  ini  this  test  factor  will  be 
centered  on  the  main  effects.  Interaction  effects  will  be  examined 
for  trends  rather  than  discussing  each  significant  interaction 
effect  individually. 

I 

In  the  LTI.  movements,  the  increase  in  truck  load  factor  caused 
the  expected  contribution  of  the  transportation  company  compared 
with  its  single  modal  counterparts  to  decrease.  This  is  due  to  the 
fact  that  with  a  high  truck  load  factor  less  traffic  was  allocated 
to  piggyback  movements  by  the  transportation  company.  This  is 
because  an  increase  in  the  load  factor  of  the  trucker  reduces  the 
cost  per  Cv;.,  of  moving  goods.  Since  cos.  is  directly  related 
to  the  rate  (the  full  cost),  the  trucker  became  more  competitive 
with  piggyback  movements.  Hence  the  trun.'portati on  company  had 
little  opportunity  to  shift  traffic  from  truck  lo  piggyback  movements 
with  its  at  ondnr.t  greater  profit  contribution.  Tim  effect  of  the 
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change  in  track  load  factor  did  decrease  the  difference  between 
the  two  systems  actual  contributions  but  was  not  quite  statisti¬ 
cally  significant  at  the  10 7,  level. 

That  the  above  reasoning  is  correct  is  borne  out  by  the 
fact  that  the  transportation  company  moved  significantly  many 
more  Cvt.  by  truck  than  when  the  truck  load  factor  was  at  Its  low 
level  in  the  LTL  category.  Correspondingly,  the  transportation 
company  moved  much  less  traffic  by  piggyback  than  when  rhe  truck 
load  factor  was  at  Its  low  level. 

A  peculiarity  in  the  main  effects  brought  about  by  the  change 
in  the  truck  load  factor  is  that  the  price  paid  for  LTL  transpor¬ 
tation  by  transportation  company  users  is  significantly  higher 
than  when  the  truck  load  factor  was  at  its  low  level.  This  is  an 
interpretation  problem  which  again  deals  with  the  nature  of  the 
perform  ;nce  measures  being  a  difference  between  the  two  approaches 
to  transportation.  The  increase  in  truck  load  factor  did  signifi¬ 
cantly  raise  the  price  paid  from  the  average  found  in  Table  X. 

Even  with  this  rise  in  price  paid  between  the  two  fonts,  the 
transportation  company  world  still  have  negative  effect  on  the 
total  price  paid  by  users.  That  is,  if  the  deviation  from  the 
average  earned  by  an  increase  in  truck  load  factor  was  added  to 
the  average  difference,  the  figure  would  still  be  negative  by  a 
large  amount  thus  indicating  the  transportation  company  still  creates 
econom.i  es  f  or  oh  i  ppe r:> . 
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Before  considering  the  TL/CL  movements ,  the  effect  of  changing 
the  truck  lead  factor  on  the  LTL  interaction  effects  will  be 
examined.  Four  of  the  six  significant  interaction  effects  were 
the  interaction  with  a  change  in  rail  load  factor  (CD) .  The  other 
two  significant  interactions  dealt  with  the  interaction  with  a 
change  in  shippers1  logistics  constraints  (CF). 

The  CD  interactions  had  the  effect  of  significantly  raising 
expected  and  actual  contributions  and  raising  the  amount  of  Cwt. 
moved  by  rail  while  reducing  the  amount  of  truck  movements.  This 
is  as  one  would  expect.  The  combination  of  high  truck  and  rail 
load  factors  made  piggyback  movements  the  loa9t  cost  (rate)  maximum 
contribution  method  of  movement.  The  piggyback  movements  had  a 
larger  contribution  associated  with  them  than  did  the  truck  move- 
sente.  Hence  the  transportation  company  substituted  piggyback 
movements  for  truck  movements  subject  to  logistics  and  capacity 
constraints.  This  had  the  effect  of  Increasing  expected  and 
actual  contributions  over  the  single  modal  trucker. 

The  significant-  CF  interactions  had  the  effect  of  raising 
the  price  paid  by  users  over  the  average  and  reducing  the  number 
of  piggyback  movements  below  tho  average  difference  as  expressed 
in  Table  X.  Again  this  is  so  because,  in  general,  an  Increase 
in  the  load  factor  of  the  trucking  mode  made  this  method  of  move¬ 
ment  dominant.  Most  moves  took  place  under  these  circumstances 
by  truck,  which  in  general  had  a  larger  prico  tag  than  when  coordi¬ 
nated  transportation  was  used  under  different  factor  combinations. 


I 
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The  change  in  truck  load  factor  significantly  Increased  the 
TL/CL  price  paid  and  the  anount  of  Cvt.  moved  by  piggyback.  The 
increase  in  truck  load  factor  made  piggyback  movements  an 
attractive  intermediate  length  of  haul  method  of  movement.  In 
the  single  ...odal  situation,  however,  the  trucker  tended  to  make 
truck  movements  as  much  as  possible  because  of  the  necessity  of 
splitting  the  contribution  in  Plan  1  coves.  The  t  -ansportation 
company  utilized  piggyback  movements  to  a  greater  extent  when 
the  total  contribution  was  greater. 

The  effect  of  this  factor  on  the  price  paid  by  users  is  more 
complicated  to  analyze.  Certainly,  the  interaction  with  low  system 
capacity  (CE)  is  understandable.  The  price  paid  significantly 
increased  when  the  trucking  capacity  was  exceeded.  This  is 
because  alternative  more  expensive  methods  of  movement  must  take 
place  to  satisfy  demand.  As  far  as  the  main  effect  is  concerned, 
the  analysis  of  the  printouts  of  the  simulation  indicated  that  the 
increase  in  truck  load  factor  made  trucking  moves  more  attractive 
to  the  trucker  as  well  as  the  transportation  company.  The  simu¬ 
lation  printouts  revealed  that  in  a  large  number  of  cases,  due 
to  chance,  the  single  modal  carrier  would  run  out  of  capacity 
before  demand  was  satisfied.  The  transportation  company  while 
still  opera t is.;,  under  low  system  capacity  had  an  additional  amount 
of  trucking  capacity  at  its  disposal.  This  extra  capacity  was 
wliot  the  railroad  hn!  available  far  Man  If  moves.  Thus  Lhc 
tr.m'ipor; .»!  i  e:.  c<>~  vis  ,>Mi  to  <-i(lsiV  all  of  the  die.iii'J  and 


-a 


s 

4i 


-138- 


a  result  the  price  paid  for  services  correspondingly  rose. 

Effect  of  a  Change  In  Rail  Load  Factor  (400  Cwt.-SOO  Cut.)  on 
the  Performance  Measures 

The  effects  of  the  change  in  rail  lord  factor  from  400  Cwt. 
to  800  Cvt.  arc  presented  In  Table  XVa  and  XVb.  The  change  in 
this  test  factor  produced  many  significant  results. 

Expected  Contribution — The  increase  in  rail  load  factor  had 
the  effect  of  significantly  reducing  the  expected  profit  contri¬ 
bution  for  both  TL/CL  and  LTL  movements.  The  change  in  this 
factor  also  produced  three  significant  interaction  effects  in  the 
expected  contribution  performance  measure.  In  TL/CL  movements 
the  interaction  of  increased  rail  load  factor  with  (1)  a  reduction 
in  rail  operating  ratio  (DB)  and  (2)  a  reduction  in  the  size  of 
shippers'  logistics  constraints  both  served  to  significantly  reduce 
the  expected  contribution  cf  the  transportation  company  as  com¬ 
pared  to  the  single,  modal  companies.  In  the  LTL  category  of 
movements,  the  interaction  c-ffcct  of  a  change  in  rail  load  factor 
with  a  change  in  truck  load  factor  (DC)  significantly  increased 
the  expected  contribution  measure. 

Actual  Contribution — The  main  effects  of  increasing  the  rail 
load  fetor  hi  both  movement  catego-i e.=;  v.3  to  significantly  decrease 
the  actual  contribution  of  the  transportation  company  as  opposed 
to  the  sing]':  modal  carriers.  The  same  Interaction,  effects  that 
were  si  gni  ri«:;ml  in  the  expected  contribution  measure  are  signifi¬ 
cant  for  t!i«*  actual  cents  Must  h.-a  r.n.n.ufc  .'.iso.  Th-sc  it.lvra.-l  len 


Significant  at  the  1Z  level 


effects— DC  for  LTL  movements  and  DB  and  DF  for  TL/CL  movements — 
produced  the  same  kind  of  reaction  of  the  system  in  this  measurement 
as  they  did  for  expected  contribution. 

Price  Paid — The  change  in  rail  load  factor  had  no  signifi¬ 
cant  effect  on  the  price  paid  for  transportation  in  TL/CL  move¬ 
ment  category.  The  change  in  this  test  factor  did,  however, 
significantly  reduce  the  price  transportation  company  customers 
paid  for  transportation  services  as  compared  to  the  single  nodal 
counterparts  in  the  LTL  category  cf  movement.  The  interaction 
with  shippers’  logistics  constraints  (DF)  also  significantly  reduced 
the  price  paid  for  services  in  the  LTL  category. 

Amount  of  Truck  Movements — The  increase  in  rail  load  factor 
significantly  reduced  the  number  of  Cvt.  moved  by  truck  in  the 
transportation  company  situation  vis-a-vis  the  single  nodal  carrier 
in  the  LTL  category  of  movements.  Also  in  LTL  movements,  the 
interactions  with  increased  truck  load  factor  (DC)  and  with  reduced 
shippers'  logistics  constraints  (DF)  significantly  reduced  the 
amount  of  truck  movements. 

Amount  of  Pi rrvhach  Mov--r.entjs — The  change  in  rail  load  factor 
significant  v  increased  the  number  cf  Cot.  moved  by  piggyback  fci 
LTL  movements.  Tills  iaclor  change  had  the  enact  opposite  effect 
oti  the  amour. t  of  piggyback  movements  in  the  TL/CL  movement  ca'egory. 
Then  were  two  significant  ini-,  r.ict :c:i  effects  also.  In  the  TL/CL 
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constraints  (DF)  also  served  to  significantly  reduce  the  amount 
of  Cvt.  moved  by  piggyback  methods.  In  the  LTL  category,  the 
interaction  with  increased  truck  load  factor  (DC)  served  to 
significantly  increased  the  number  of  Cwt.  moved  by  piggyback. 


Amount  of  Rail  Movements— The  change  in  rail  load  factor 
led  to  a  significant  increase  in  the  amount  of  rail  boxcar  move¬ 
ments  by  the  transportation  company  over  v.’hat  the  single  modal 
companies  moved  by  rail,  as  one  night  expect.  The  interaction 
with  a  low  rail  operating  ratio  (DR)  served  to  significantly 
reduce  the  number  of  rail  movements  of  the  transportation  company 
as  compared  to  the  single  modal  companies. 

Explanations — The  explanation  of  how  a  change  in  rail  load 
factor  produced  significant  effects  cn  the  Tl/CL  performance 
measures  will  be  presented  first,  after  which  attention  will  be 
given  to  the  LTL  performance  measures.  The  increase  in  rail  load 
factor  significantly  reduced  the  expected  and  actual  contributions 
of  the  transportation  company  as  compared  to  its  single  modal 
counterpar  :s .  This  is  due  to  the  fact  that  the  change  in  this 
factor  made  the  single  modal  railroad,  in  most  cases,  the  domi¬ 
nant  carrier.  In  other  words  this  test  factor  change,  caused  for 
the  most  part,  most  of  the  single  modal  traffic  to  move  by  rail 
except  where  constrained.  Thus  the  formation  of  a  transpor¬ 
tation  company  had  little  effect  on  the  manner  in  which  move:- vats 
Loo!;  place  under  these  ci  reu:-;s t-uaces,  and  hence  did  not  increase 
profit  contribution  ns  in  other  situations. 
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In  most  situations  the  single  modal  trucker  would  attempt 
to  compete  with  the  single  modal  rail  carrier  in  short  haulg  by 
using  Plan  I  moves.  Thus  the  amount  of  Cwt.  moved  by  the  transpor¬ 
tation  company  by  piggyback  was  significantly  reduced  as  compared 
to  the  amount  the  single  modal  carriers  moved  by  this  method. 

This  is  because,  under  most  circumstances,  the  rail  mode  was  low 
cost  but  piggyback  Plan  I  was  within  the  price  range  of  competition. 
Thus  the  transportation  company  shifted  movements  which  the  single 
modal  carriers  moved  by  piggyback  to  rail.  This  correspondingly 
explains  why  the  change  in  rail  load  factcr  led  to  a  significant 
increase  in  the  amount  of  boxcar  movements. 

The  significant  interaction  effects  with  rail  operating  ratio 
(DB)  were  explained  for  the  various  performance  measures  earlier 
in  this  chapter,  when  the  change  in  rail  creating  ratio  was 
examined  for  effects.  The  interaction  with  a  low  level  of  shippers' 
logistics  constraints  (DF)  signifi. intly  reduced  the  expected 
and  actual  contribution  of  the  transportation  company  as  well  as 
the  number  or  Cwt.  moved  by  piggyback.  The  lower  level  of  shippers' 
logistics  constraints  allows  the  carriers  more  freedom  in  selecting 
the  methods  of  movement  to  satisfy  shippers'  demand  than  does  a 
high  level  of  logistics  constraints.  As  such,  the  interaction  of 
high  rail  load  factor  with  a  low  level  of  logistics  constraints 
produced  the  sane  kind  c-  effect  as  the  main  effects  of  changing 
rail  load  factor,  only  to  a  larger  degree. 


At  tendon  will  now  be  turned  to  examine  how  a  change  in  rail 
load  factor  affected  the  LTL  performance  measures.  The  effects 
of  increasing  the  rail  load  factor  va9  to  significantly  reduce 
the  expected  and  actual  contribution  as  well  as  the  price  paid 
by  shippers  and  the  amount  of  Cvt.  moved  by  truck,  of  the 
transportation  company  vis-a-vis  '.he  single  modal  companies.  The 
reason  for  the  significant  decline  in  expected  and  actual  contri¬ 
bution  and  price  paid  is  that  the  high  rail  load  factor  ha9  the 
effect  of  lowering  the  out-of-pocke :  costs  per  Cwt.  which  is 
directly  related  to  the  rate  charge  shippers  (the  fully  distributed 
cost),  hence  the  price  paid  by  shippers  is  less  than  in  the  single 
modal  situation.  The  full  costs  of  the  LTL  piggyback  movements 
were  substantially  less  in  most  cases  than  the  fully  distributed 
truck  costs.  In  the  single  modal  situation,  the  trucker  would 
set  his  rate  at  his  fully  distributed  cost  since  he  does  not  have 
to  participate  in  Plan  I  moves.  This  had  the  effect  of  raising 
the  profit  contribution  of  trucker  relative  to  the  transportation 
company  because  the  transportation  company  priced  its  services 
at  the  full  cost  of  the.  low  cost  mode.  Even  with  this  difference 
in  pricing  between  the  systems,  the  transportation  company  cut- 
earn.d  the  single  modal  companies.  The  effect  of  increasing  the 
rail  load  factor  was  to  decrease  the  amount  of  expected  and  actual 
profit  contribution  cif  rer.tial  between  the.  systems.  Even  so,  if 
one  looks  at  Table  X,  one  can  sec  that  even  after  subtracting  the 
effects  of  this  factor  from  the  averages  in  the  table  the 
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transportation  company  is  still  more  "profitable"  than  the  single 
modal  companies. 

It  should  be  pointed  out  that  the  pricing  actions  of  the  trucker 

differ  substantially  between  the  two  classes  of  movement — LTL  and 

TL/Cl.  In  both  cases,  the  trucker  does  not  have  to  participate  in 

Plan  I  moves  if  he  does  not  wish  to.  The  same  is  true  for  the 

railroad.  In  the  TL/CL  market,  the  trucker  has  an  incentive  to 

participate  in  Flan  I  moves  that  he  does  not  in  the  LTL  market. 

In  the  TL/CL  market,  the  railroad  is  competitive  for  traffic  that 

the  trucker  wants  to  carry  and  vice  versa.  Thus  if  the  trucker 

is  not  low  cost  he  will  want  to  participate  in  Plan  I  moves  If 

this  is  the  only  manner  in  which  he  can  obtain  some  contribution. 

This  is  not  the  case  in  the  LTL  market.  The  railroad  does  not 

actively  compete  * ,r  LTL  movements  in  the  portion  of  the  market 

9 

considered  in  this  study.  Thus  the  trucker  will  price  his  LTL 
services  at  his  full  costs  it  all  cases. 

The  result  of  increasing  the  rail  load  factor  was  to  signifi¬ 
cantly  increase  the  number  of  piggyback  movements  and  correspondingly 
decrease  the  number  of  truck  movements.  This  had  the  effect,  of  s'gnif 
cantly  reducing  the  price  paid  by  shippers  which  is  due  mainly  to  the 

lower  priced  rail  related  piggyback  substitution  for  truck  movements. 

- 

It  must  be  remembered  that  this  study  is  examining  only  common 
carrier  rail  and  truck  movements,  an-i  associated  I’ian  I  and  Plan  II 
piggyback  movements  in  both  traffic  categories.  To  lend  sere  credence 
to  the  above  statement  that  railroads  do  r.ot  actively  seek  LTL  move¬ 
ments  in  Plan  II  moves  the  author  contacted  i.-.c  hurling  ten  :;crc  horn 
Railroad  to  Jctc-rmir.:  type  of  traffic  being  carried  in  Plan  II 

moves.  Mr.  Robert  Prohor- p  in  the  ICi'C  Department  indicated  ay  pro::  j  - 
mately  99 .1  of  Plan  II  i:ov>.s  arc  TL  lots.  To  doable  check  this  liguro 
Mrs.  Koar.ary  HurJ  in  the  Freight  Agent's  Office  ’.:ns  contacted;  she 
placed  the  estimate  of  v3h  of  the  Plan  II  movements  were  truckload 
movements . 
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Th«  Interaction  effects  with  a  change  in  truck  load  factor 
(DC)  which  had  significant  effects  on  the  performance  measures  were 
discussed  in  the  section  explaining  the  effects  of  a  change  in  truck 
load  factor.  There  were  two  significant  interaction  effects  of 
an  increase  in  rail  load  factor  with  a  reduced  level  of  shippers' 
logistics  constraints  (DF) .  The  DF  interactions  served  to 
significantly  reduce  the  price  paid  and  the  amount  of  truck  move- 
Bents.  This  is  due  to  the  fact  that  reduced  levels  of  logistics 
constraints  allow  the  transportation  company  to  substitute  piggy¬ 
back  service  for  truck  service  to  a  ~ter  degree  than  a  high  level 
of  logistics  constraints. 


Effects  of  e  Change  In  the  Capacity  of  the  System  on  the 
Performance  Measures 

Tho  effects  which  resulted  from  a  change  in  the  level  of 
the  capacity  in  the  system  arc  displayed  in  Table  XVIa  and  XVIb. 
The  change  in  the  level  of  this  factor  also  produced  several 
significant  results. 


Expected  Contribution — Thn  reduction  in  the  level  of  system 
capacity  had  no  appreciable  effect  cu  the  expected  contribution 
of  U  iO  trni'iiport nl.ion  cui-pnny  a-i  t . pared  to  t!ui  single  modal 
companion  in  either  the  Ti  /Cl.  or  1.1 1  category  of  movement,  The 
IhU'i'nM  Inn  will  •  -h;  level  of  load  factor  (1C)  sljj.ni  f  I  antly 

inenmism)  the  expected  contribution  of  the  transporlnl.  1  on  company 
vl(i-/i  vie  tie  single  :  .!il  o.irrl.rn. 
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Actual  Contribudon — A a  In  the  case  with  expected  contri¬ 
bution  the  change  in  the  level  of  system  capacity  did  not  signifi¬ 
cantly  effect  this  performance  measure  In  either  category  of  movement. 
The  EC  interaction  significantly  increased  the  TL/CL  actual  contri¬ 
bution,  the  same  reaction  it  caused  in  the  expected  contribution 
measure. 

Price  Paid — The  change  in  this  test  factor  had  no  appreciable 
effect  on  the  price  paid  for  LTL  movements.  The  reduction  In 
the  level  of  system  capacity  did  significantly  raise  the  price 
paid  for  transportation  services  for  TL/CL  movements.  The 
interaction  with  a  change  in  truck  load  factor  (EC)  acted  to 
significantly  increase  the  price  paid  by  users  in  the  TL/CL 
category  of  movement. 

Amount  of  Truck  liover.entn — The  decrease  in  the  level  of  system 
capacity  significantly  incr  *ed  the  number  of  LTL  truck  movements 
the  transportation  company  ade  compared  to  its  average  usage  of 
truck  movements.  This  test  factor  change  had  no  effect  on  the 
amount  of  truck  movements  in  the  TL/CL  market. 

Amount  of  Piggyback  Movements — The  change  in  the  level  of 
capacity  significantly  increased  the  numbi  c  of  piggyback  move¬ 
ments  in  the  TL/CL  market,  while  it  acted  to  significantly 
decrease!  the  amount  of  piggyback  movements  in  the  LTL  market. 

The  interaction  v;l  th  truck  load  facto)-  (LC)  acted  to  significantly 
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decroase  the  amount  of  piggyback  movements;,  while  the  interaction 
with  a  change  In  the  level  of  logistics  constraints  (EF)  acted 
to  increase  the  amount  of  piggyback  movements  in  the  TL/CL  market. 

Amount  of  Rail  Movements — The  reduction  in  the  level  of  system 
capacity  served  to  significantly  reduce  the  number  of  rail  boxcar 
movements  In  the  TL/CL  market.  The  interaction  with  the  reduction 
in  truck  operating  ratio  (EA)  significantly  increased  the  amount 
of  rail  movements.  The  interaction  with  a  reduction  in  the  level 
of  shippers'  logistics  constraints  served  to  significantly  reduce 
the  amount  of  rail  movements  the  transportation  company  made  with 
respect  to  the  average  difference  between  the  two  systems  or  modes 
of  operation. 

Explanations --The  discussion  of  the  causative  effects  of  the 
reduction  in  system  capacity  will  begin  with  the  TL/CL  market. 

The  reduction  in  the  amount  of  capacity  significantly  increased 
the  price  paid  for  TL/CL  movements.  The  reason  for  this  is  that 
the  restriction  on  capacity  necessitated  a  greater  dependence  on 
full  cost  pricing  on  the  part  of  the  single  modal  carriers.  That 
is,  in  situation;;  where  the  capacity  was  not  great  enough  *-o 
satisfy  demand,  as  a  result  of  poor  market  estimation  and  allocation, 
the  single  modal  carriers  cculd  not  nor  did  they  v:ish  to  transfer 
unnet  demand  to  the  competitive  mode.  The  transportation  company, 
on  the  other  hand,  when  it  did  exhaust  the  capacity  of  one.  mode 
shift  the  unmet  demand  to  another  method  of  movement..  The 


would 


end  result  was  that  the  transportation  company  did  not  have  as 
much  unsatisfied  demand  as  the  single  modal  carriers  and  that,  as 
such,  the  price  paid  for  transportation  was  greater  than  that  paid 
to  single  modal  carriers. 

These  findings  arc  further  supported  by  the  fact  that  a  change 
in  capacity  resulted  in  a  significant  reduction  in  rail  movements 
and  a  significant  increase  in  piggyback  movements.  This  resulted 
from  the  fact  that,  in  most  situations,  the  rail  mode  was  the 
scarce  resource.  The  transportation  company  would  then  shift  the 
unmet  "boxcar  demand"  to  piggyback  moves. 

The  significant  TL/CL  interaction  effects  with  the  change 
in  truck  load  factor  (EC)  on  the  various  performance  measures  were 
explained  in  an  earlier  section  of  this  chapter.  The  interaction 
with  a  low  level  of  shippers'  logistics  constraints  (EF)  signifi¬ 
cantly  increased  the  amount  of  piggyback  movements  and  significant 
decreased  the  amount  of  rail  movements.  This  is  the  some  reaction 
as  the  main  effect,  the  change  in  system  capacity  created,  except 
to  a  lesser  degree.  This  is  as  c  ic  would  expect.  The  change  in 
the  level  of  logistics  constraints  controls  the  amount  of  traffic 
which  is  subject  to  in tcrmcdal  competition.  Thus  the  result  cf 
expanding  the  competitive  traffic  market  and  reducing  the  amount 
of  capacity  was  to  cau'-c  the  transportation  -..Tip  any  to  shift 
competitive  demand  frrm  scarce  resource  to  an  available  next 


There  were  no  significant  interaction  effects  associated 
with  this  tent  factor  in  the  LTL  category  of  movement.  The 
reduction  in  system  capacity  significantly  reduced  the  amount  of 
piggyback  movement  and  correspondingly  significantly  increased 
the  amount  of  truck  movements  in  the  LTL  market  segment.  This  is 
because  the  maximum  contribution  method,  in  general,  was  piggyback 
movements  in  the  LTL  market.  The  scarce  resource  was  also  the 
amount  of  fl  itcar  capacity  (See  Table  I,  Chapter  III).  Thus  reducing 
the  system  capacity,  in  effect  reduced  the  number  of  piggyback 
movements  the  transportation  company  cculd  make.  The  unmet  "piggy¬ 
back  demand"  was  shifted  to  the  trucking  mode. 

Effects  of  a  Char. re  in  the  Level  of  Shippers'  Logistics  Constraints 
on  the  Performance  Measures 

The  effects  which  resulted  from  lowering  the  level  of  shippers' 
lrgistics  constraints  are  presented  in  Tables  XVIIa  and  XVIIb. 

The  change  in  this  test  factor  produced  several  significant  results. 

Expected  Contribution — In  the  TI./CL  category  of  movements, 
the  reduction  of  the  amount  of  traffic  subject  to  shippers'  logistics 
constraints,  significantly  increased  the  expected  contribution  of 
the  transportation  company  over  its  single  modal  counterparts. 

The  interaction  with  a  change  in  rail  load  factor  (I;t)  served  to 
significantly  reduce  the  .../Cl.  expected  profit  measure. 


Significant  at  the  1Z  level. 
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Actual  Contribution — The  change  in  the  level  of  logistics 
constraints  had  the  sane  effects  on  this  performance  measure 
as  it  did  on  expected  contribution. 

Price  Paid — The  change  in  this  test  factor  significantly  reduced 
the  price  paid  for  LTL  transportation  services.  In  the  LTL  category 
the  interactions  with  truck  load  facLor  (FC)  and  rail  load  factor 
(FD)  served  to  significantly  increase  and  decrease  the  price  paid 
for  LTL  movements,  respectively.  In  the  TL/CL  category  of  movement, 
the  interaction  with  truck  load  factor  (FC)  also  served  to  signifi¬ 
cantly  increase  the  price  paid  for  transportation. 

Amount  of  Truck  Movements — The  change  in  the  level  of  shippers' 
logistics  constraints  hac!  no  appreciable  effect  on  the  amount  of 
Cwt.  noved  by  truck  for  TL/CL  movements.  In  the  LTL  category  of 
movements,  the  reduction  in  the  level  of  logistics  constraints 
significantly  reduced  the  amount  of  Cwt.  the  transportation  company 
moved  by  truck  in  relation  to  the  single  modal  carriers.  Also  for 
LTL  movements,  the  interactions  with  truck  load  factor  (FC)  and  rail 
load  factor  (FD)  significantly  increased  end  decreased  the  number 
of  Cwt.  moved  by  truck,  respectively. 

Amount  of  Piggyback  Ifoy-.-tv.-nts-  The  r.  iuced  level  of  logistic? 
constraints  served  to  significantly  increase  the  amount  of  LTL 
CWt.  moved  by  piggyback.  The  change  in  this  test  factor  h<;  ]  just 
the  opportic  effect  on  the  amount  of  TI./CI  Cwt.  moved  by  piggyback; 
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that  Is,  it  significantly  reduced  the  piggyback  movements  of  the 
transportation  company  compared  to  the  single  modal  carriers.  In 
the  LTL  market,  the  interaction  with  a  change  in  truck  load  factor 
(FC)  significantly  decreased  the  number  of  piggyback  movements. 

There  were  two  significant  interaction  effects  in  the  'lL/CL  market. 

The  interaction  effect  with  rail  load  factor  (FD)  acted  to  signifi¬ 
cantly  decrease  the  number  of  piggyback  movements.  The  interaction 
effect  of  a  reduction  in  logistics  constraints  with  a  reduction  in 
system  capacity  (FE)  significantly  increased  the  amount  of  Cwt. 
moved  by  piggyback. 

Amount  of  Rail  Movements — The  reduction  ir.  the  level  of  logistics 
constraints  served  to  significantly  increase  the  anount  of  Cwt. 
moved  by  rail  boxcar  in  the  TL/CL  category  of  movement.  The  inter¬ 
action  with  a  low  level  of  system  capacity  (FE)  acted  to  significantly 
decrease  the  number  of  boxcar  movements. 

K::p3 anatlor.s — ,\11  of  the  significant  interaction  effects 
caused  by  a  change  in  the  level  logistics  constraints  have  been 
discussed  in  previous  sections  of  this  chapter.  Therefore, 
attention  will  now  be  placed  on  the  explanations  as  to  how  the 
change  in  this  test  fact  r  caused  significant  main  effects  in  the 
various  performance  measures.  The  significant  main  effects  for 
TL/CL  movements  wJ .' )  oc  discussed  first. 


Wi •  the  lower  level  of  logistics  constraints  imposed  on  the 
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carrier,  would  try  to  compete  for  traffic  whenever  possible  by 
utilizing  Plan  I  movements  or  by  pricing  trucking  movements  at 
the  low  cost  method  of  movement.  When  the  logistics  constraints 
were  low,  this  meant  considerably  more  traffic  was  moved  by 
piggyback  in  the  single  modal  system  than  when  the  constraints 
were  set  at  a  high  level  (See  Table  1,  Chapter  III),  The 
transportation  company,  when  faced  with  low  logistics  constraints, 
used  the  method  of  movement  to  satisfy  unconstrained  demand  that 
had  the  maximum  contribution.  In  a  large  number  of  situations 
that  maximum  contribution  method  of  movement  turned  cut  to  be  the 
rail  mode.  For  TL/Lt  movements  then,  the  change  in  logistics 
constraints  enured  the  transportation  company  to  use  significantly 
more  rail  movements  and  less  piggyback  movements  than  the  single 
modal  carriers.  This  resulted  in  greater  expected  and  actual 
contributions  for  the  transportation  company  than  its  single  modal 
counterparts  because,  in  general,  the  single  modal  equipment 
allocation  decisions  did  not  result  in  the  maximum  systemwide 
contribution  which  the  transportation  company  did  obtain. 

In  the  Ll'L  market  segment,  the  reduced  level  of  logistics 
constraints  found  the  transpo*-*. alien  company  shifting  a  significant 
amount  of  unconstrained  traffic,  that  the  single  modal  carriers 
were  moving  by  truck,  to  pi ggybac':  movements.  The  transportation 
company  did  this  when  *h,_  contribution  of  piggyback  moves  war, 
greater  than  that  of  truck  move-,.  Although  the  cper«t of  the 
transportation  company  die  n  suit  in  a  « igai  f leant  i;; crease 
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in  contribution  as  a  result  of  a  change  in  the  level  of  logistics 
constraints,  it  did  decrease  the  price  paid  by  users  for  transpor¬ 
tation  services.  The  reason  for  this  is  that,  in  Dost  situations, 
when  the  transportation  coopany  utilized  piggyback  movements  this 
method  was  the  low  cost  (rate)  method.  Thus  piggyback  covements 
significantly  reduced  the  cost  of  transportation  service  for  the 
customers  of  the  transportation  company  as  compared  to  the  cost 
paid  by  users  in  the  single  nodal  system. 

Summary 

Because  of  the  length  of  this  Chapter,  a  brief  summary  of 
the  important  results  is  appropriate.  To  begin  with  it  was  found 
that  most  of  the  average  differences  of  tie  performance  measures 
between  the  transportation  company  and  the  single  modal  carriers 
were  significant.  More  specifically,  for  TL/CL  movements  it  was 
found  that  the  expected  and  actual  contribution  of  the  transpor¬ 
tation  company  were  significantly  greater  than  the  sum  of  these 
measures  for  the  single  modal  carriers,  furthermore,  the  transpor¬ 
tation  company  made  significantly  less  piggyback  movements  than 
the  single  modal  carriers.  In  the  LTL  category  of  movements,  the 
expected  and  actual  contribution  of  the  transportation  company 
was  again  significantly  larger  than  the  combined  contributions  O: 
the  single  modal  carriers.  The  transportation  company  also  had 
the  effect  of  significantly  reducing  the  price  paid  by  shippers 
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signif icantly  fewer  truck  movements  and  significantly  more  piggyback 
movements  than  did  the  single  modal  carriers. 

The  prime  consideration  of  this  chapter  was  the  Identification 
and  explanation  of  the  manner  in  which  the  levels  of  the  test 
factors  effect  the  average  performance  measures.  The  chapter 
presented  the  analysis  of  the  effects  produced  by  the  six  test 
factors,  for  each  level  of  the  size  of  shipments  parameter)  on 
each  of  the  performance  measures.  The  results  of  the  simulation 
are  graphically  displayed  in  Tables  Xlla  through  XVIIb.  The  test 
factors  produced  several  significant  main  and  interaction  effects 
in  the  performance  measures. 

The  following  tables  recapitulate  the  significant  main  and 
first-order  interaction  effects.  In  the  tables  an  arrow  pointed 
upward  (i)  Indicates  the  effect  increased  the  difference  between 
the  performance  measures  of  the  transportation  company  as  compared 
to  the  single  modal  carriers.  An  arrow  pointed  downward  (+)  indicates 
the  effect  decreased  the  difference  between  the  performance  measures. 
The  absence  of  an  arrow  indicates  the  factor  or  factor  combination 
had  no  effect  on  the  performance  measures. 
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9  -  Economies  of  icald  ,  1 

One' facet  of  the  possible  economic  advantages  a  transpor- 

'  i 

tatlon  company  might  cnjpy  over  its  single  modal  counterparts  that 

*  I'll 

vas  not  directly  considered  in  the  preceding  analysis  is  the 

i  •  :  , 

possibility  of  achieving .economies  of  scdle  as  a  result  of  com¬ 
bining  two  different  modes  of  transportation.  As  indicated  in 

:  « 

Chapter  I,  there  is  wide  disagreement  on  the  part  of  transpor- 

•  •  %  l 

'  '  , 

tatlon  economists  as  to  whether  or  not  a  nulti-aodal  transportation* 

•»  i  :  * 

company  could ‘'achieve  significant  economies  of  scale.  The  disagree- 

i  i  1 

aent  centers  on  the  question  of  how  similar  are  the  operating 

•  .  i  ,  '  ’  i 

functions  of  the  combining  modes  'and  is  there  enough  similarity 

to  allow1 the  transportation  company  to  centralize  functions  and  • 

i 

eliminate,  duplicative  functions,  and  so  forth.  TheSe  kinds  of 

• .  ,  i  1  ;  i 

questions  will  be  addressed  in  Chapter  VI.  As  will  be  pointed 
out  in  Chapter  VI,'  there  really  has  not  been  enough  research  done 

*  i 

in  this  area  of  the  transportation  company  concept  to  answer  the 

i 

question  of  whether  or  not  there  ore  substantial  economies  of 

l 

scale  to  be  bbtalned* from  combining  separato  modes. ,  , 

:  1  a  1  ,  * 

* 

*  * 

How  does  the  fact  that  oconomlos  of  scale  were  not  directly  , 

»  •'  ,i 

|  •  I  |  ' 

considered  in  the  analysis  affect  the  results  of  the  study?  To  1 

understand  what  effect  this  has  on  the  results  of  the  study,  one  ( 

•  i  , 

must  know  exactly  how  tho  simulation  considered  economics  of  " 

*  „  ' 

•cateT  The  cost  data,  for  a  glvon  sot  of  parameters,  which  the 

i  « 

,  transpor totidn  company  utilized  to  make  pricing  and  equipment 

»  * 

allocution  decisions  vat  exactly  tho  same1 as  tho  coot  data ( tho  ■ 


I 
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single  nodal  carriers  utilized  to  nake  their  decisions.  As  such 
the  fixed  and/or  common  costs,  vhich  are  the  costs  which  economies 
of  scale  would  effect,  for  each  method  of  movement  were  the  same 
across  the  two  methods  of  operation,  i.e.,  transportation  company 
vis-S-vis  single  modal  carriers.  In  essence,  this  means  that  the 
transportation  company  considered  in  this  study  was  operating 
with  no  realized  economies  of  scale  resulting  from  the  combination 
of  two  separate  modes  of  transportation.  This  conservative  approach 
to  the  econonies  of  scale  question  means  that  the  significant 
effects  described  earlier  in  this  chapter  would  still  be  valid 
even  if  there  were  some  economies  of  scale  involved  in  forming 
transportation  companies. 

The  reason  why  the  results  of  this  study  would  remain  valid 

even  if  there  were  substantial  economies  of  scale  Involved  in 

* 

operating  transportation  companies  is  because  the  nature  of  the 
performance  measures  which  deal  directly  with  costs  and  rates 
are  based  upon  the  total  contribution  to  fixed  and/or  common  costs 

t 

and  profit  margin.  Thus,  while  economies  of  scale  may  significantly 
effect  the  profitability  of  a  transportation  company,  they  have  no 
effect  whatsoever  on  the  contribution  which  was  used  as  a  measure 
of  economic  impact  in  this  study.  One  mcv,  however,  think  of  the 

total  contribution  as  a  measure  of  profitability.  This  is  because 

» 

the  same  fixed  and/or  common  costs  would  bo  subtracted  from  the 
total  contribution.  Thus  if  it  were  finally  determined  that  there 
were  no  oconomios  of  scale  to  bo  obtained  from  the  formation  of 


164 


transportation  companies,  the  results  of  this  study  would  be 
directly  applicable.  If  there  are  some  economies  of  scale,  the 
significant  results  would  remain  significant.  If  the  economies 
were  substantial  enough,  they  may  have  the  effect  of  adding  a 
number  of  additional  effects  to  the  significant  list.  This  is 
because  the  economies  of  scale  would  reduce  the  fixed  and/or 
common  costs  as  compared  to  the  sum  of  the  fixed  costs  of  the 
single  modal  carriers.  Thus  increasing  the  profitability  gap 
between  the  two  organizational  approaches. 

As  stated  previously,  further  research  must  be  directed  at 
determining  the  extent  that  functions  may  be  combined  or  partially 
eliminated  in  multi-modal  transportation  companies  before  reasonable 
estimates  of  economies  of  scale  may  be  made.  Thus  the  performance 
measures  used  in  this  study  avoid  this  uneasy  task  and  yet  provide 
valuable  Information  as  to  the  economic  Impact  a  transportation 
company  would  have. 

The  Significance  of  Interaction  Effects 

I 

% 

Because  there  was  a  number  of  significant  interaction  effects, 

47  of  330,  a  discussion  on  how  these  Interactions  have  been  inter¬ 
preted  is  warranted.  It  will  be  recalled  that  in  the  use  of  the 
fractional  . actoral  design,  the  main  effects  and  first  order  inter¬ 
action  effects  are  confounded  with  higher  order  interaction  effects. 
It  has  been  assumed,  as  stated  Chapter  IV,  throughout  that  the  high 
order  interaction  effects  arc  zero.  Hint  is,  in  the  explanations 
of  how  a  change  in  the  factor  lavols  "caused"  the  significant  effects 
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it  has  been  assumed  that  the  aliases  of  the  main  and  first  order 
interaction  effects  are  zero.  This  author  believes  this 
assumption  to  be  reasonable.  The  reader  is  left  to  his  own  con¬ 
clusion  about  the  validity  of  this  assumption.  At  any  rate,  if 
the  reader  is  not  inclined  to  adopt  the  assumption  the  investi¬ 
gation  has  at  least  identified  the  groupings  of  posjible  inter¬ 
actions  which  have  caused  the  significant  behavior. 

Another  matter  concerning  the  rejection  of  the  null 
hypothesis,  that  an  interaction  effect  is  zero,  deserves  some 
attention.  If  an  interaction  effect  has  been  determined  to  be 
significant,  is  the  rejection  of  the  null  hypothesis  concerning 
the  main  effect  of  a  component  of  that  interaction  effect 
meaningful?  That  in  once  an  interaction  effect  has  been  found 
to  be  significant  can  the  main  effect  be  considered  and  if  so 
is  it  meaningful?  Guenther  states  that  if  the  interaction  is  found 
to  be  significant,  the  main  effect  can  still  be  tested  but  the 
results  of  such  tests  are  usually  of  no  interest.  Guenther  goes 
on  to  say,  “when  interactions  are  present,  the  best  treatment 
combinations,  rather  than  the  best  levels  of  treatments,  are 
usually  the  prime  concern".  This  may  be  true  in  most  experi¬ 
mental  settings,  but  this  is  not  the  case  in  this  particular 
project.  The  reason  for  this  is  that  the  object  of  this 
dissertation  is  to  obtain  a  broad  picture  of  the  effects  specific 
factors  have  on  the  operating  characteristics  of  a  transportation 

^Cuenll.er,  op. c ? f  . ,  p.  103. 


§ 


166- 


4 


company.  The  intent  is  to  show  over  the  spectrum  of  possible 
test  factor  levels  the  effect  these  factors  have  in  general  on 
the  operations  of  a  transportation  conpany  as  compared  to  the 
operations  of  single  modal  companies.  This  kind  of  broad  or  general 
information  would  be  useful  in  focusing  attention  upon  a  possible 
change  in  public  policy  as  it  pertains  to  multi-modal  transpor¬ 
tation  conpanies.  That  is,  policy  makers  would  be  interested  in 
the  main  effects  of  this  study  in  so  far  as  if  there  were  a  change 
in  policy  it  would  likely  be  general.  That  is,  the  Congress  or 
thn  I.C.C.  would  be  interested  in  figures  as  to  how  the  transpor¬ 
tation  conpany  concept  fairs  over  the  average  level  of  the  factors. 
These  are  the  main  effects.  The  carriers  on  the  other  hand  would  be 
Interested  in  how  the  specific  levclo  of  the  factors  affect  the 
performance  measures,  In  oth^r  words  the  carriers  would  want  to 
know  how  they  would  benefit  from  the  creation  of  a  transportation 
company  witli  the  specific  levels  of  tho  factors  the  interested 
carrier  have.  This  study  provides  both  of  these  infonsnt Jonnl 
ruqul  renonts ,  limn  both  the  pi  gniffcant  interaction  and  main 
effects  of  this  study  an1  of  Interest. 


| 

1 
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CHAPTER  VI 

OTHER  ASPECTS  OP  COMMON  OWNERSHIP 

In  the  last  chapter  It  was  found  that  the  formation  of 
transportation  companies  can  result  in  economic  benefits  for  both 
the  providers  and  users  of  transportation  services.  Before  one 
can  really  interpret  the  meaning  of  these  results  and  outline  the 
implications  they  have  for  the  transportation  industry,  the  signifi¬ 
cance  of  the  economics  of  common  ownership  must  be  related  to  the 
other  aspects  of  the  issue.  As  mentioned  in  Chapter  I,  the 
question  of  whether  or  not  transportation  companies  should  be 
established  in  a  multidimensional  issue.  That  is,  the  formation 
of  transportation  companies  involves  economic,  legal,  and  social 
Issues  which  must  be  resolved  before  such  companies  can  be 
established. 

The  purpose  of  this  chapter  is  to  Identify  the  other  aspects 
of  the  transportation  company  concept  and  discuss  their  relation¬ 
ship  to  the  research  accomplished  in  this  study.  This  chapter 
consists  of  two  parts,  The  first  identifies  the  obstacles  which 
currently  bar  the  establishment  of  transportation  companies  in 
the  United  States.  The  second  section  of  the  chapter  relates 
these  obstacles  to  the  resoarch  conducted  in  thro  study.  The 
implications  end  interpretation  of  the  results  or  this  disscr- 
tatlon  in  tho  light  of  the  total  aspocts  of  the  concept  will 
bo  reserved  for  tho  final  chapter. 


y 


Obstacles  to  Integration 


Sampson  and  Farris  have  noted  three  types  of  obstacles  which 
stand  in  the  way  of  integration  in  domestic  transportation.  These 
are  regulatory  obstacles,  inherent  obstacles  in  integration,  and 
environmental  obstacles.^ 


Regulatory  Obstacles 

In  this  section  the  National  Transportation  Policy,  the  laws 
applicable  to  common  ownership,  the  case  by  case  development  of 
the  l.C.C.  criteria  for  determining  when  a  railroad  may  own  a 
trucking  company,  and  the  role  of  the  Department  of  Transpor¬ 
tation  will  be  analyzed. 

Hie  National  Transportation  Policy  (NTP) — The  National 
Transportation  Policy,  as  stated  in  the  Interstate  Commerce  Act 
is  as  follows: 

It  is  hereby  declared  to  be  the  national  transpor- 
'  tatlon  policy  of  the  Congress  to  provide  for  fair  and 
Impartial  regulation  of  all  modes  of  transportation 
subject  to  this  Act,  so  administered  as  to  recognize 
and  preserve  the  inherent  advantages  of  each;  to  promote 
safe,  adequate,  economical,  and  efficient  service  and 
foster  sound  economic  conditions  in  transportation  and 
among  the  several  carriers;  to  encourage  the  establish¬ 
ment  and  maintenance  of  reasonable  charges  for  transpor¬ 
tation  services,  without  unjust  discriminations,  undue 
preferences  or  advantages,  or  unfair  or  destructive 
competitive  practices;  to  cooperate  with  the  several 
states  and  the  duly  authorized  officials  thereof;  and 
to  encourage  fair  wages  and  equitable  working  conditions; 
all  to  the  end  of  developing,  coordinating,  and  pre¬ 
serving  a  national  transportation  system  by  water, 
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Sampson  and  Farris,  on.cit 
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p.  332. 
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highway,  and  rail,  as  well  as  other  means,  adequate 
to  meet  the  needs  of  the  commerce  of  the  United 
States,  of  the  Postal  Service,  and  of  the  national 
defense.  All  of  the  provisions  of  this  Act  shall 
be  administered  and  enforced  with  a  view  to  carrying 
out  the  above  declaration  of  policy. 2 

After  a  careful  reading  of  the  NTP,  one  can  conclude  that 

there  is  nothing  explicitly  stated  which  forbids  the  creation  of 

a  transportation  company  if  the  creation  of  such  a  company  could 

be  proven  to  be  '’beneficial."  However,  in  the  phrase  fosters 

sound  economic  conditions  in  transportation  and  among  the  several 

carriers ,  the  term  several  carriers  has  not  been  interpreted 

Y 

by  the  l.C.C.  as  a  reference  to  the  carrier  industries  or  modes, 

but  rather  to  the  protection  of  the  business  stability  of  indi- 

3 

vidual  carriers  (firms)  of  a  mode.  Also,  to  preserve  the 
inherent  advantages  of  each  mode  implies  a  sacredness  of  division 
or  separation  of  each  mode  from  one  another.  Although  the  term 
inherent  advantages  has  never  been  adequately  defined,  it  is 
usually  taken  to  mean  that  each  mode  has  some  unique  character¬ 
istics  that  enable  it  to  offer  services  for  transportation  users 

4 

which  other  modes  cannot.  This  statement  should  not,  however, 
prevent  two  or  more  modes  from  combining  services  to  create 
2 

The  Interstate  Commerce  Act,  (Washington,  D.  C.:  Govern¬ 
ment  Printing  Office,  1968),  p.  1. 

3 

National  Transportation  Policy,  op.cit. ,  p.  37. 

4 

Locklin  states  that  the  low  cost  carrier,  on  a  fully  distri¬ 
buted  cost  basis,  has  the  "inherent  avantago".  (D.  Philip  Locklin, 
Economics  of  Transportation,  sixth  edition,  (Homewood,  Ill.? 

Richard  D.  Irwin,  inc.,  1966),  p.  865. 


80me  oew  inherent  advantage ,  but  the  implicit  language  of  the 
NTP  does  not  seem  amenable  to  such  a  consideration.  To  sum 
up,  as  one  scholarly  and  oft  quoted  source  puts  it,  "this  state¬ 
ment  of  policy,  at  least  as  it  has  been  interpreted,  has  not 
gone  beyond  the  frame  of  reference  of  promoting  the  stability 
of  each  mode  as  a  basic  requirement  for  a  healthy  and  satisfactory 
national  transportation  policy11.'’ 

Applicable  Laws— -There  are  four  mutually  exclusive  ways 
in  which  a  railroad  and  a  trucking  company  may  form  a  transportation 
company.  First,  the  trucker  may  acquire  an  existing  railroad  or 
secondly,  he  may  seek  new  rail  operating  rights  and, . if  granted, 
build  a  new  railroad.  Since  trucking  companies,  even  the  largest 
ones,  are  much  smaller  asset-wise  than  railroads,  it  is  unlikely 
that  either  of  these  possibilities  would  occur.  The  second  method 
would  be  even  less  likely  since  the  rail  mode  already  connects 
all  manufacturing  sites  of  any  size.  More  likely  methods  of 
forming  the  transport  company  would  be  thirdly,  for  the  railroad 
company  to  acquire  an  existing  trucking  firm  or  fourthly,  the 
railroad  company  could  apply  for  new  trucking  operating  rights 
and  if  granted,  purchase  the  relatively  inexpensive  motor 
equipment. 

If  either  carrier  attempts  to  merge  with  the  other,  they 
must  receive  specific  approval  from  the  I.C.C.  as  outlined  in 

^National  Transportation  Policy,  op.cit. ,  p.  37. 
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in  Section  5  of  the  Interstate  Commerce  Act  (I.C.A.).  If  the 
railroad  requests  new.motor  carrier  operating  rights,  it  must 
obtain  a  certificate  of  public  convenience  and  necessity  as 
described  in  Section  206  of  the  Act.  If  the  trucker  wishes  to 
construct  new  rail  lines  it  must  be  granted  permission  by  the 
I.C.C.  under  Section  1  (18)  of  the  Act. 

Since  a  trucking  firm  has  never  attempted  to  gain  control 
of  a  railroad,  there  are  no  precedents  which  have  been  set  by 
the  I.C.C.  and  it  is  therefore  uncertain  as  to  the  posture  that 
the  Commission  would  take  regarding  such  a  matter.  If  the 
Commission  had  developed  a  generally  appropriate  decision 
criterion  for  determining  when  transportation  companies  were 
desirable  or  "in  the  public  interest”,  it  would  not  matter  which 
mode  requested  the  merger  or  new  operating  rights  as  long  as 
the  proposal  met  the  criterion. 

There  has  been  over  the  years,  on  the  other  hand,  numerous 
attempts  by  the  railroads  to  acquire  control  of  motor  carriers. 

As  a  result,  the  I.C.C.  had  developed  a  very  explicit  standard 
(perhaps  unacceptable)  for  determining  when  a  railroad  may  acquire 
a  trucking  firm  by  means  of  the  two  methods  for  doing  such  as 
mentioned  above.  Section  5  (2)  (b)  of  the  I.C.A.  contains  a 
special  proviso  relating  to  rail  acquisition  of  motor  carriers. 
This  proviso  stipulates  that  the  Commission  must  find,  if  the 
applicant  is  a  railroad,  or  owned  by  a  railroad,  "that  the 
transaction  proposed  will  be  consistent  with  the  public  interest 


340  U.S.  41$  (1951);  United  States  v.  the  Texas  and  Pacific  Motor 
Transit  Company,  340  li.S.  450  (1951))  have  upheld  the  Kansas  City 


Southern  Doctrine. 


The  Commission  applies  the  above  standards  in  merger  cases 


and  in  cases  where  new  operating  authority  is  sought.  A  very 
important  point  can  be  drawn  from  the  above  analysis.  As  Xupp 
puts  it,  internodal  combinations  have  been  treated  more  restrictively 
than  intranodal  combinations  because  in  addition  to  the  usual 

g 

"public  interest"  test,  additional  criteria  have  been  established. 
These  restrictions  were  spelled  out  at  a  time  when  railroads  held 
considerable  monopoly  power  and  later  when  the  trucking  industry 
was  a  struggling  fledgling.  This  is  clearly  not  the  situation 
now.  The  recent  deteriorating  economic  situation  of  a  number  of 
America's  largest  railroads  can  bear  testimony  to  this  fact. 


The  I.C.C.  has  (.hen  strictly  interpreted  the  law  as  stated 

in  Section  5  of  the  t.C.A.  and  "tnc  intent  appears  to  be  more 

nearly  to  insure  that  each  mode  remains  in  competition  with 

the  ethers  end  to  preserve  all  nodes,  rather  than  to  provide 

the  means  for  adapting  them  to  places  in  accord  with  their  relative 

.9 

economic  c.ipabJ  1 1  tie*"  .  Anoi \»:£  source  conc  ludes, 

. , , that  ilv  f .•■vor'-’  of  i !.•■  present  regulatory 
poJiry,..by  I  t>-  receive  the  <;>i  .{  ion  of 

filugle  irt/ii.  i  :•!.  I y  o (  sf/’  ri.i  r;.td>  pr>.<Su  :ed 
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a  general  program  of  preserving  the  status  quo 
which  is  in  direct  opposition  to  the  overall 
objective  of  a  dynamic  transportation  system 
which  can  best  serve  the  economy  and  defense 
of  the  country.^  • 

The  Role  of  the  Department  of  Transac rtation--One  of  the 

functions  of  the  Department  of  Transportation  as  stated  in  the 

Declaration  of  Purpose  of  the  Department  of  Transportation  Act 

is  to  provide  general  leadership  in  the  identification  and  solution 

of  transportation  problems.  As  such,  research  into  the  concept 

of  the  transportation  company  falls  under  the  jurisdiction  of 

this  Department.  A  search  of  government  documents  or  literature 

reveals  that  as  of  yet  the  Department  has  not  published  any 

material  related  to  research  on  the  transportation  company  concept. 

To  determine  if  any  work,  was  currently  being  done  on  the  subject 

the  author  wrote  a  letter  to  the  Secretary  of  Transportation 

requesting  information  on  research  which  the  Department  had  done 

or  is  currently  doing' or  is  planning  to  do  on  the  subject.  The 

reply  was  negative. 


Inherent  Obstacles  ; 

As  alluded  to  in  the  previous  section  of  this  chapter  the 

■  r 

formation  of  transportation  companies  would  require  voluntary 
action  on  tie  part  of  the  participants.  .3.  Sampson  and  Farris 
put  it: 


10.. 


Nation.'.!  Tnncpo: 1  ar  ion  i’ol :  cv ,  op  .  c  i  t . ,  p.  38. 
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Agreenent  among  Che  liras  being  merged  or  being  inte¬ 
grated  is  not  always  easy.  Since  many  arc  corporations, 
many  in^stors  with  diverse  goals  g:\G  objectives  must 
be  satisfied.  This  involves  both  debt  and  equi ty  owners. 
Management  itself  may  disagree.  It  is  not  easy  to  merge 
oneself  out  cf  a  job,  and  a  merged  firm  can  have  but  one 
president  and  set  cf.  administrative  officers.  As  we 
have  seen,  adjustments  in  the  immediate  period  arc 
almost  inevitable  when  unification  or  integration 
takes  place.  ...The  tendency  to  avoid  adjustment  and 
change  is  great  in  all- businesses,  and  in  seme  of  the 
older  transportation  firms  this  inertia  itself  is  a 
major  obstacle.  Therefore,  there  are  obstacles  in.  the 
very  idea... of  integration. H 

This  conclusion  is  supported  by  Germane,  Claskovsky  and  lleskett 


when  they  found: 

There  is  a  strong  tendency  for  railroad  executives  to 
think  entirely  in  terms' of  rai  Ircadir.g,  for  >  trucking 
company  executives  to  think  only  in  terms  of  trucking, 
etc.  For  example,  it  was  no  easy  thine  for  some  rail¬ 
road  executives  to  learn  to  think  in  terms  of  operating 
a  coordinated  service  in  partnership  with  truckers,  a 
group  long  described  by  some  railroaders  as  “hereditary 
enemies",  "agents  of  the  devil",  or  even: stronger  terms 
of  opprobrium.  C.i  the  other  side,  various  trucking 
executives  have  been  deeply  suspicious  of  railroaders 
and  their  motives  in  offering  piggyback  service.  These 
unfavorable  railroader  and  trucker  attitudes  have  served 
to  slow  the  development  of  coordinated  service. 

Even  when  there  is  ...  no  inherent  animosity  between  the 
manager, on t  groups  concerned,  ...  there  still  remains  the 
v  problems  of  communications.^ 


While  Germane,  Claskovsky,  and  Heskvtt  were  talking  specif!,. ally 


about  coordinated  services,  their  discussion  seems  equally 
applicable  the  common  ownership  prcblc. ,. 


11 


12 


S;:r.<;u,r:‘  ,•  ;>«  Farr!:.,  op.  ci  t . ,  p.  332. 
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Environmental  Obstacles 

The  very  nature  of  our  political  and  economic  system  nay 
pose  another  obstacle  to  the  formation  of  transportation  companies. 
Again  Sampson  and  Farris  have  succinctly  stated  this  proposition 
as  follows: 

...The  economic  environment  of  the  nation  is  quite 
oriented  toward  individual  firms  and  competition. 

Unification  and  integration  involve  group  action 
on  the  part  of  firms  and  often  a  decrease  in  com¬ 
petition.  This  aav  present  an  obstacle. 

From  another  point  of  view,  the  political  climate 
may  be  a  very  real  environmental  obstacle.  Transpor¬ 
tation  systems  serve  nar.y  ;  towns,  counties,  and 
states.  Fach  is  a  political  unit  with  its  repre¬ 
sentatives  elected  to  promote  the  welfares  of  each 
particular  governmental  unit.  ...Seme  politicians 
may.. .oppose  (integration]  not  because  it  is 
economically  unsound,  but  because,  it  is  politically 
expedient  to  do  sc.  The  political  climate,  then, 

may  impose  a  very  real  obstacle  "to.  .  .integration.^ 


Relationship  cf  th^s  Study  to  the  Obstacles 
From  the  above  discussion  it  is  apparent  that  there  are 
formidable  obstacles  which  present  barriers  to  the  establishment 
of  transportation  companies.  This  thesis  has  .demonstrated  for 
the  first  time  that  there  are  definite  cccnoudc  advantages 
resulting  from  the  formation  of  transportation  companies  for 
both  the  carriers  and  the  users.  Is  this  knowledge  sufficient  to 
remove  the  above  a-ni'icncd  obstacles  to  common  ownership? 


Shi:nf.on  and  "arris,  cp.ci t. ,  p.  333. 


Before  this  question  can  be  addressed ,  the  author  oust 
acknowledge  however  that  the  research  was  undertaken  in  abstract, 
that  is,  apart  from  the  real  world*  Thus  before  the  conclusions 
of  the  study  can  be  translated  to  the  real  world,  the  critical 
assumptions  of  the  study  must  be  analyzed  for  their  impact.  As 
will  be  seen  shortly  the  validity  of  the  assumptions  cannot  really 
be  determined  without  further  research  in  the  appropriate  areas. 

The  following  discussion  relates  the  results  of  this  research 
to  the  obstacles  which  bar  the  formation  of  transportation  companies. 
Attention  will  be  focused  on:  (1)  the  need  for  further  research 
on  the  common  ownership  question  and  how  this  needed  research 
is  related  to  the  critical  assumptions  made  in  this  study;  and 
(2)  the  impact  the  knowledge  obtained  in  this  study  may  be 
expected  to  have  on  each  of  the  obstacles  to  integration.  The 
discussion  will  begin  with  inherent  obstacles  after  which  regu¬ 
latory  and  environmental  obstacles  will  be  addressed. 

Relationship  to  Inherent  Obstacles 

The  focus  of  this  dissertation  has  been  on  the  determination 
of  the  economic  feasibility  of  establishing  intermodal  transpor¬ 
tation  companies*  The  hypothetical  firms  modeled  in  Chapter  II 
are  assumed  to  be  capable  of  effectively  .rganizing  to  obtain 
their  goals  cf  maximizing  their  (profit)  contributions.  This 
brings  up  a  series  of  questions  which  are  concerned  with  what 
may  be  called  the  managerial  feasibility  of  establishing 
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traaspcrtatir-n  companies .  The  managerial  feasibility  of  transpor¬ 
tation  companies  raises  questions  of  not  only  is  it  possible  to 
organize  and.  operate  a  nulti-codaL  transportation  company,  but 
what  is  the  best  method  of  organizing  a  transportation  company 
under  a  given  set  of  .circumstances.'  In  the  following  paragraphs 
the  author  has  posed  a  set  of  questions  in  the  areas  or  organi¬ 
zation,  operations,  marketing,  and  finance  that  should  be  answered 
before  attempts  are  made  to  establish  multi-r.odal  transportation 
companies.  It  should  be  pointed  out  that  the  author  does  not 
suggest  the  Lists  of  question;*,  are  complete  but  should  give  the 
reader  an  appreciation  of  the  amount  of  research  remaining  to 
be  accomplished.  , 

Organiz stional  Alternatives — The  questions  that  oust  be 
answered  in  this  area  arc  concerned  with  the  extent  to  which  the 
company  should  be  organized  functionally  ns  opposed  to  organising 
along  medal  lines.  The  author  poses  the  hypothesis  that,  if 


the  transportation  companies  are  organized  along  nodal  lines  and 
each  code  is  operated  as  a  profit  center,  the  transportation 
company  will  not  achieve  the  economics  from  possible  reallocation 
of  traffic  from  high  to  lew  cost  carriers  that  are  possible 
through  a  functionally  organized  company.  This .seem:;  reasonable 
because  the  modal  profit  centers  would  be  attempting  to  martin:  re 
profits  in  their  own  areas  without  regard  to  the  objective  of 
total  profit  manims  ration  for  the  firm.  As  such  it  ‘-.com.:  that 
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a  transportation  company  organized  alc-ng  modal  linos  would  not 
result  in  significant  economies,  as  was  the  cast*  ir»  this  study 
where  the  objective  was  total  firm-wide  profit  maximization. 
-Obviously  natters  are  not  this  simple.  One  must  determine  to 
what  extent  the  organization  nav  be  functionally  organized. 

That  is,  in  each  function.il  area,  it  exist  be  JcteraiaeJ  the 
extent  to  which  the  operations  of  the  nodes  can  be  combined  with 
the  object  in  mind  of  maximizing  the  total  profits  or  contri¬ 
bution  of  the  firm  as  a  whole. 


Operations — There  are  several  questions  that  come  to  mind 
which  must  be  answered  in  this-  area.  To  what  extent  can  or  should 
maintenance  facilities  be  combined?  bow  will  the  operating  of 
more  than  one  rode  aifcct  the  scheduling  problems  of  transpor¬ 
tation?  Ifhat  will  be  the  effect  cn  the  communications  system 
of  the  firms?  Khat  are  the  impacts  of  containerization? 

Marketing — ’.fhat  impact  will  the:  transportation  company  have 
on  service  offered  to  customers?  How  will  the  formation  of 
transportation  companies  affect  the  dependability,  frequency, 
and  speed  of  service?  Should  the  company  practice  consultative 


marketing  a:  d  if  no  to  what  extent?  ’..'hat  is  the  importance  placed 


on  single  carrier  service  by  shippers? 


Finar.ci- — ’/bar.  new  ir format! ci.nl  burdvi.s  will  such  a  company 


place  on  the: 


c; nirol  fuacti; 


V.iu.t  tv  pcs  ot  ir-fcr- 


ma tic- nal  flow:;  will  be  required? 
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Labor  Relations — Kill  the  unions  concerned  violently  oppose 
the  formation  of  these  companies?  How  will  the  top  nar.ager.ent 
people  be  chosen  i:i  each  functional  area? 

As  indicated  above,  the  list  of  questions  is  not  a  complete 


list  of  all  matters  that  must  be  investigated,  but  should  give 

the  reader  an  appreciation  that  a  great  deal  of  though  must  be 

given  to  the  question  of  whether  a  transportation  company  is 

manager! ally  feasible.  Assuming  that  these  questions  can  be 

resolved,  hcv  can  the  knowledge  gained  frea  this  study  be 

expected  to  affect  the  inherent  obstacles? 

The  author  would  argue  that  the  potential  profitability  of 

transportation  companies  should  act  to  reduce  the  inherent  barriers. 

Although  the.  vested  interests  of  single  modal  managements  may 

not  entirely  disappear,  the  prospects  of  increased  earnings  for 

stockholders  of  single  nodal  companies  should  act  to  encourage 

the  formation  of  transportation  companies,  given  that  the  ether 

ll, 

obstacles  can  be  overcome. 


Relationship  • o  Regulatory  Obstacles 

In  the  conduct  of  this  investigation  it  has  been  assumed 
that  the  I.C.C.  would  retain  the  role  of  protecting  the  public 
interest  aJ.er  transportation  companies  v .re  formed.  This  is 


14 

Inis  prcpcsitiou  jn  surpertea,  to  seme  extent,  by  Germane, 
Glaskcwsky,  ;  :.d  Haskett  v:hun  iiu:y  found  Linn;  for  coordinat*'.: 
transportation  i:  service  is  ccem.oiuo.-.iiy  pound  ti.v  carriers 

will  eventually  provide  i service  (•  n.  civ.,  71). 
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&  completely  reasonable  assumption.*^  Of  more  importance  is  hew 
will  the  Cor.uif.sion  react  to  the  information  generated  by  this 
study? 

The  National  Transportation  Policy  (NTP)  directs  the 
Commission  to  promote  economical  and  efficient,  transportation 
services  while  maintaining  the  inherent  advantages  of  each  mode. 
This  study  has  shown  that  a  transportation  company,  with  the 
objective  of  "profit  siaxitii zati on" ,  is  economically  superior 
(at  least  for  some  test  factor  combinations)  to  its  single  modal 
counterparts.  The  transportation  company  achieves  economies 
by  the  allocation  of  the  nodes  to  movements  for  which  they  art- 
low  cost  and/oi  the  asnim.ua  contribution  method  of  movement. 

That  is  the  transportation  company  uses  the  modes  cn  the  route 
segments  in  which  they  have  the  "inherent  advantage". 

It  is  the  authors  opinion  that  if  the  l.C.C.vere  confronted 
with  such  quantitatively  documented  information  the  Commission 
would  be  hard  pressed  to  deny  that  such  a  company  would  not  be 
"in  the  public  interest". 


Itelafoi.-.i.in  to  Fhv.-i rc:v .on t  *>  1  Obstacles 

The  major  environs  iwntal  obstacles  which  may  prevent  the 
formation  of  transportation  compari  ;s  is;  .he  content] cn  that 
the  formation  of  ihcac  companies  way  act  to  reduce  competition 
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and  correspondingly  result  in  the  elimination  of  some  facilities 
and  jobs  in  so tnc  locales,  It  is  not  clear  that  the  formation  of 
transportation  companies  would  result  in  less  competition  in 
the  transportation  industry.  What  has  been  determined  in  this 
study  is  that  a  transportation  company  would  use  the  modes  in 
a  different  manner  than  they  are  being  used  currently  by  single 
modal  carriers.  The  different  allocations  nay  require  some 
relocation  of  facilities  but,  until  the  extent  of  possible 
econoEiics  of  scale  can  be  determined,  it  is  not  certain  that  the 
formation  of  transportation  companies  will  result  in  the 
elimination  of  facilities,  duplicative  jobs,  and  so  forth. 

It  is  unlikely  that  the  creation  of  a  transportation  company 
would  result  in  the  elimination  of  facilities,  duplicative 
functions,  and  so  forth,  to  the  same  degree  that  occurs  when 
two  carriers  of  the  same  mode  are  merged.  At  any  rate,  the 
I.C.C,  is  the  arbitrator  of  what  is  in  the  public  interest 
and  as  such  must  hear  the  testimony  of  those  who  would  oppose 
the  formation  of  transportation  companies.  To  the  extent  that 
the  creation  of  such  companies  would  result  in  the  elimination 
of  facilities,  jobs  and  so  forth,  will  determine  the  opposition 
to  transportation  ernp.-nies  by  locales,  politicians,  unions, 
other  cowpetinj  single  modal  carriers,  and  so  forth.  The  end 
result  is  thiL,  o-  •  though  this  study  has  indicated  the 
potential  econcmi".  advam-v-s  of  transportation  ce::.p:.::i.\s,  this 
fact  will  prv.b.ibJy  5>uv>:  little  impact  cn  the  nr.-iv.;]  of  the 
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environment:  .1  obstacles.  Thus  the  Commission  will  have  to 
balance  the  economic  advantages  for  the  transportation 
companies  against  the  economic  sacrifices  which  some  people  and 
locales  may  suffer. 

It  must  be  pointed  out  that  further  research  is  required 
to  determine  the  extent  to  which  economics  of  scale  may  be 
obtained  by  forcing  transportation  companies.  The  greater  the 
economics  of  scale,  the  greater  the  economic  benefit  to  forming 
companies  but  correspondingly,  the  magnitude  of  the  economies 
of  scale  arc  inversely  proportional  to  the  economic  sacrifice 
some  people  and  locales  will  be  required  to  make.  That  is, 
the  more  economies  of  scale  the  company  achieves,  the  greater  are 
the.  reductions  of  facilities  and  jobs. 

This  chapter  has  placed  emphasis  on  the.  fact  that  the 
economic  aspects  of  common  ownership  are  but  one  facet  of  a 
multidimensional  problem.  The  chapter  has  not  attempted  to 
state  all  areas  of  the  concept  which  need  future  investigation 
but  has  attempted  to  list  important  areas  that  require  further  • 
thought.  The  following  chapter  will  interpret  the  result.; 
of  this  study  with  respect  to  all  the  issues  of  common  owner-  , 
ship  and  pi'toi-al  the  implications  for  the  future  of  the  concept. 
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CHAPTER  VII 

CONCLUSION'S  ASh  IMPLICATIONS  OF  THE  STl’UY 


The  results  of  the  simulation  were  discussed  in  Chapter  V. 
Attention  was  focused  on  the  effects  upon  the  performance  measures 
produced  by  the  test  factors.  Chapter  V  also  described  how  the 
average  performance  measures  differed  between  the  single  modal 
carriers  and  the  transportation  company.  The  analysis  was  mainly 
concerned  with  describing  the  nature  of  the  effects  and  dis¬ 
cussing  the  model  operations  which  caused  then.  Chapter  VI 
identified  other  aspects  of  the  transportation  company  concept 
and  related  them  to  the  research  accomplished  in  this  study. 

The  obstacles  which  currently  bar  the  establishment  of  transpor¬ 
tation  companies  in  the  United  States  were  discussed.  Chapter 
VI  also  indicated  that  there  was  a  need  for  further  research 
(ocher  than  economic  analysis)  on  the  concept  ar.d  related  the 
need  for  this  research  to  some  of  the  critical  assumptions 
made  in  this  project. 

The  purpose  of  this  chapter  is  three  fold.  First  the  results 
of  the  research  will  be  brought  together  in  one  convenient  place. 
Secondly,  the  chapter  will  indicate  future  avenues  of  research 
which  should  be  pursued.  The  suggested  research  presented  in 
this  chapter  is  coi.f-ined  with  extensions  of  the  simulation 
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thc  last  chapter  which  were  concerned  with  natters  which  were 
external  or  not  considered  in  the  simulation.  Finally  the 
implications  of  this  research  project  for  the  real  world  con¬ 
sideration  of  transportation  companies  will  be  presented. 


Summary  of  the  Research 

It  was  found  that  cost  of  the  average  differences  of  the 
performance  measures  between  the  transportation  ectipany  and  the 
single  nodal  carriers  were  significant.  More  specifically, 
for  TL/CL  movements  it  was  found  that  the  expected  and  actual 
contribution  of  the  transportation  company  was  11%  greater 
than  the.  sum  of  these  measures  for  the  single  modal  carriers. 

In  the  LTL  category  of  movements,  the  expected  and  actual 
contribution  of  the  transportation  company  was  17%  larger  than 
the  combined  contributions  of  the  single  modal  carriers.  The 
transportation  company  also  had  the  effect  of  significantly 
reducing  the  price  paid  by  shippers  for  LTL  transportation 
services  by  12%. 

The  prime  conri deration  of  the  research  was  the  identifi¬ 
cation  and  explanation  of  the  manner  in  which  the  levels  of  the 
test  factors  affect  th  average  perfcrrancc  measures.  The 
analysis  of  :hc  effects  produced  by  the  sis  test  factors,  for 
each  love]  of  the  size  of  shipr.cr.tr  parameter,  revealed  under 
what  operating  conditions  (Lent  factor  levels)  the  t rr.ntpcrtat.icn 
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company  was  "economically  superior"  to  the  single  modal  companies 
and  vice  versa. 

The  major  results  of  the  analysis  are  presented  in  the 
following  statements: 

1.  The  reduction  of  the  true!  operating  ratio  from  99% 
to  91%  had  no  main  effect  on  the  performance  of  the 
transportation  company  or  the  single  modal  carriers. 

2.  The  main  effects  of  a  reduction  in  rail  operating  ratio 

from  85%  «-o  65«  was  to  increase  the  expected  and  actual 
con  t;  rib  *  -i  of  the  transportation  company  compared 

to  that  of  the  single  modal  conpanies  for  both  TI./CL 
and  LTL  traffic.  For  TL/CL  traffic,  this  change  also 
had  the  effect  of  reducing  the  total  price  paid  by 
transportation  company  users  than  when  this  factor 
was  at  its  high  level. 

3.  The  increase  in  truck  load  factor  from  100  Cvt.  to 
300  Cvt.  acted  to  increase  the  price  paid  by  users 
of  the  transportation  company  for  both  TL/CL  and  LTL 
movements.  This  change  also  decreased  the  expected 
contribution  of  the  transportation  company  as  com¬ 
pared  to  the  tingle  modal  companies  in  the  LTL 
market. 

4.  The  inert. iso  in  rail  load  factor  from  400  Cvt.  to 
800  Cvt.  served  to  decrease  the  difference  in 

•expected  and  actual-  contribution  between  the  two 
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organitational  approaches .  This  change  also  had  the 
effect  of  reducing  the  price  paid  for  transportation 
company  customers  in  the  LTL  market. 

5.  The  reduction  an  the  amount  of  capacity  available  in 
the  system  acted  to  increase  the  price  paid  for 
transportation  company  users  as  compared  to  when  this 
factor  was  at  its  high  level. 

6.  The  reduction  in  the  amount  of  traffic  constrained  to 
the  modes  by  shippers'  logistics  constraints  acted  to 
increase  the  expected  and  actual  contribution  of  the 
transportation  company  over  that  of  the  single  modal 
carriers  for  TL/CL  movements.  This  change  served  to 
reduce  the  j>rice  paid  for  transportation  by  transpor¬ 
tation  company  users  for  LTL  shipments. 

7.  There  were  47  (of  330)  significant  interaction  effects. 
The  manner  in  which. these  interaction  effects  affected 
the  performance  measures  is  graphically  displayed  in 
Tables  XVI T I  and  XIX  in  Chapter  V. 

J.t  must  be  stressed  that  the  results  just  described  pertain 
to  the  analysis  of  the  simulation  model  per  so. .  That  is,  these 
results  were  obtained  from  the  manipulation  of  a  mathematical 
model  which  van  formulated  to  resemble  the  real  world  phenomenon. 
Before  these  results  may  be  stated  as  truths  research  and  analysis 
in  the  real  vcric  is  required.  '  U  thould  also  be-  pointed  out 
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the  hypothetical  nature  of  the  study  nay  be  justified  by 
the  lack  of  information  on  what  the  economic  impact  of  establishing 
transportation  companies,  would  be. 

These  results  may  be  restated  as  a  set  of  working  hypotheses 
that  may  stand  until  verified  or  disproven  by  real  world  tesearch. 
The  analysis  of  the  research  points  to  the  following  hypotheses: 

MAJOR  HYPOTHESIS — A  multimodal  transportation  company  composed 
of  a  railroad  and  trucking  company  wi 11 
generate  greater  contributions  to  fixed 
and/or  common  costs  including  a  profit 

i 

allowance  than,  its  single,  mod:?  counter¬ 
parts  at  the  same  or  lower  costs  to  shippers. 

1  ... 

SUlMIYrOTUES IS  — (1)  The  operating  ratio  of  the  trucker  has 

no  affect-  on  the  economic  perforraar.ee 
of  the  transportation  company,; 

(2)  The  operating  ratio  of  the  composite 
railroad  directly  affects  the  economic 
performance  of  the  transportation 
company.  The  lower  the  operating 
ratio  the  higher  will  be  the  total 
contribution. 

(3)  A  transportation  company  with  high  truck 
and  rail  load  factors;  will  have  a  larger 
contribution  than  a  transportation 
company  with  lvw  truck  ..:id  rail  lead 
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••v- v -factors,  if  the  rate  is  held 
constant. 

(4)  The  more  traffic  is  constrained  along 
nodal  lines  by  shippers’  logistics 
constraints,  the  less  will  be  the 
economic  benefits  of  creating  a 
transportation  company, 

(5)  A  transportation  company  is  especially 
likely  to  increase  the  contribution  and 
reduce  the  total  price  paid  for  transpor¬ 
tation  in  the  I.TL  market  as  compared 
with  single  r-.ouil  opera ticns  in  this 
market  segment. 

Fur t’tcr  Research  P.eruired 

Chapter  VI  presented  the  major  obstacles  which  bar  the  formation 
of  transportation  companies  in  the  United  States.  These  were 
identified  as  regulatory,  inherent,  and  environmental  obstacles. 


These  obstacles  were  then  related  to  -some  of  the  assumptions  made 
in  the  project.  As  a  result  of  these  obstacles  and  the  assumptions 
made  in  the  study,  it  vets  determined  that  further  research  was 
required  to  Jctcrmine  the  validity  cl  l he  as sump ticns  and  to 
dc text-line  if  the  obstacles  could  be  ever ct. There  ware  several 
suggestions  ii.uk*  for  further  ro-.c:.rch  in  the  area  of  managerial 
feasibility. 
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In  addition  to  these  research  efforts,  the  nature  of  the 
simulation  node!  also  suggests  other  avenues  of  research.  It 
oust  be  understood  that  the  simulation  model  itself  was  the  first 
attempt  made  in  this  area  to  attempt  to  answer  the  types  of 
questions  addressed  in  this  dissertation.  As  such,  the  simulation 
model  was  necessarily  of  a  simple  construction.  The  simulation 
analysis  could  be  enriched  by  expanding  the  number  and  categories 
of  test  factors.  As  explained  in  Chapter  111,  environmental  and 
commodity  factors  were  not  considered  in  the  thesis.  Certainly, 
enriching  the  model  to  consider  these  factors  would  advance  the 
model  to  a  more  real-world-like  abstraction.  The  model  could 
also  be  made  more  complex  to  involve  the  real  world  scheduling 
problems  carriers  have  to  trying  to  place  their  equipment  at 
the  right  tine  in  the  right  place.  Furthermore,  the  significant 
interaction  effects  could  be  examined  to  determine  which  of  the 
aliases  caused  the  significance. 

Another  subtle  and  implicit  factor  which  should  be  brought 
to  the  reader’s  attention  is  the  fact  that  the  simulation  was 
undertaken  for  a  transportation  systc-m  in  which  the  route  structures 
of  the  forming  companies  were  parallel.  VThat  would  be  the  effect 
of  different  route  structures  or.  the  performance  of  transportation 
companies?  Ihe  author  poses  the  hypothesis  that  if  the  route 
structures  of  the  forming  carriers  are  not  approximately  parallel 
or,  if  the  route  structure  of  one.  carrier  dees  net  lie  within 


that  of  the  ether,  th  -  formation  of  a  trar.sp-rtaticn  ctmpany 
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' would  not  result  In  significant  economies.  The  reasoning  behind 
this  is  that  if  the  single:  nodal  route  structures  were  not  parallel, 
.but  say  end  to  end,  there  would  be  no  opportunity  for  the  transpor¬ 
tation  company  to  allocate  traffic  to  the  lew  cost  node.  Thus  in 
effect  a  transportation  conpany  with  this  type  of  route  structure 
..would  be  nothing  more  than  a.  holding  cenpany  for  two  distinct 
modal  oeprations.  This  question  deserves  further  investigation. 

Also  this  project  has  been  a  short  run  economic  analysis. 

The  investigation  was  conducted  on  the  basis  of  current  operating 
plant  and  using  the  current  state-of-the-art  technology  in 
transportation.  In  the  past  technological  developments  have 
played  key  roles  not  only  in  the  development  of  each  mode,  but 
also  in  the  manner  in  which  the  modes  have  competed  with  each 
other.  What  relationship  will  future  technological  developments 
have  on  the  tiulti-taod3l  transportation  company?  Will  future 
technological  developments  reduce  the  economic  benefits  of 
transportation  companies?  Again  these  are  but  a  few  of  the 

( 

unanswered  questions  concerning  common  ownership  which  oust  be 
addressed  before  serious  attempts  are  made  to  fora  transpor¬ 
tation  companies. 

Finally,  the  question  of  the  extent  of  economies  of  scale 
must  be  addressed.  The  simulation  node!  could  bo  enriched  by 
allowing  for  a  sensitivity  analysis  of  the  fixed  and/or  common 
costs  to  determine  the  impact  of  waiving  degrees  of  economies’ 
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-  -•  -•-•of  scale.  This  would  allow  one  to  directly  ascertain  \>’hat  the 

effects  of  tie  factors  are  upon  profitability  of  the  firms  for 
varying  economies  of  scale. 

IMPLICATIONS  OF  THF.  STUDY 

Although  there  remain  a  lot  of  unanswered  questions  which 
must  be  researched  concerning  the  common  ownership  question,  this 
study  has  been  a  step  in  the  direction  of  obtaining  answers  to 
those  questions.  It  has  been  pointed  out  that  the  results;  of 
this  study  must  be  verified  in  the  real  world.  As  such  the  study 
has  served  to  develop  a  set  of  working  hypotheses  which  should 
be  tested  in  the  real  world.  In  ether  words,  it  is  the  author's 
opinion  that  the  economic  benefits  of  transportation  companies, 
over  their  single  modal  counterparts,  discovered  in  this  thesis 
should  provide  the  impetus  for  a  set  of  experiments  involving 
transportation  companies  in  this  country. 

;  If  the  reader  is  unconvinced  that  the  results  of  this 

dissertation  warrant  such  a  deviation  from  current  policy,  at 
the  very  minimum  this  dissertation  should  setve  to  elevate 
the  concept  of  transportation  companies  from  the  sphere  of 
emotional  and  sometimes  illogical  arguments'  that  have  surrounded 
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APPENDIX  1 

A.  THE  t  TEST  INVOLVING  PAIRED  OBSERVATIONS 
OF  TWO  POPULATION  MEANS 

To  determine  if  the  mean  differences  between  the  performance 
measures  of  the  transportation  company  minus  those  of  the  single 
modal  carriers  were  statistically  significant,  a  t  test  involving 
paired  observations  was  utilized.  This  test  was  used  because  the 
observations  (from  each  simulation  run)  of  the  performance  measures 
for  each  organizational  alternative  are  related  to  one  another. 

That  is,  the  random  components  and  parametric  values  were  held 
constant  acrcss  the  organizational  alternatives  for  one  run  and 
varied  between  runs.  Thus',  the  observations  occurred  in  pairs. 

The  exact  hypothesis  which. was  tested  for  each  performance 
measure  was: 

Hos  ya  -  o 
V  yd  * 0 

where  dy  is  the  mean  difference  of  the  particular 
transportation  company  performance  measure  minus  the 
performance  measures  of  the  single  modal  companies. 

The  null  hypothesis  was  rejected  if 


d  -  y 


d  . 


•  * »  W1  -  f 


> 
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^wjjere  t  jg  tjie  t  statistic  with  n  -  i  degrees  of 
n-i 

freedom  associated  with  a  particular  level  of  significance  a 
n 


d  = 


2  di 
igl 

n 


W^'V' 

Xmi*  XTi’  XKi  =  °ne  olj3crv;ltion  °*  a  particular  performance 
.  measure  of  the  multi-nodal  transportation 
company,  single  medal  trucker,  and  r  .ilroad, 
respectively, 


11  -  2 
X  (d.  -  d)Z 

2  _  d=-l  1 


Sd* 


n  —  1 


n  -  the  number  of  paired  observations  which  was  32  for  both 
the  TL  and  LTL  category  of  movement.* 


B.  THE  ANALYSIS  OF  VARIANCE  OF  THE  MAIN  AN!) 

piESi-oitDiu  i:;i;  \ACiio:;  effects 


The  fixed  effects  analysis  of  variance  (ANOV’A)  model  was 
used  in  this  dissertation  tc-  determine  if  the  main  and  first-order 
interaction  effects  were  statistically  significant.  The  AN OVA 
technique  i:.  based  on  the  fact  that  the  t<  tel  sun  of  squares 
deviatien  fr.ri  the  near.  observation  can  be  partitioned  into  the 


'Tbe  roe is  referred  to  Cuonthor,  op . r. 
more  c-’-t.: I  !•  J.  di. sen. ••  •ion  cf  this  rist. 


•  »  *  y  /]  «  *•  •* 
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-SUD  of  squares  associated  with  the  main  effects,  interaction 
effects,  and  error. 

Mathematically  the  AjJQVA  model  used  in  this  project  is 
as  follows: 


SST  =  SSA  +  SSB  4-  SSC  +  SSI>  +  SSE  +  SSF 
....  .........  .  .  ......  SSAB.+  SSAC  +  SSAD  +  SSAE  + 

SSAF  +  SSBC  +  SSED  +  SSB*:  + 

SSF.?  +  SSCD  +  SSCL  +  SSCF  + 

SSDE  *h  S5DF  SSE?  +  SSE 

whore  SSI’  »  total  sun  of  squares, 

SSA,  SSB,  SSC,  SSD,  SSE,  SSF  *  sun  of  squares  associated 

with  each  main  offset, 

S-A..,  SS/.C,  SSAD,  SSAr,  SSAF,  SS3C,  -  sun  of  squares  associated 
SSBD,  SSfcC,  SS31-,  SSCO,  SSCE,  SSCF,  with  the  respective 
SShL,  SSB,-,  SSLF  interaction  effects 

SSE  *•  sun  of  squares  associated 
with  the  error  term 

The  Lest  statistic  utilized  in  the  analysis  of  variance  to 
determine  if  the  null  hypotheses  concerning  the  main  and  first 
order  interaction  etfects  should  be  rejected  .is  the  F  ratio. 

The  F  ratio  is  simply  the  mean  square  of  ehe  tteacr.rer.t  of 
intereri  (.!oj)  divio. by  the  nean  square  error  (MEE).  The  r.can 
squares  are  riai-ly  the  sua  of  the  squares  of  each  term  identified 
shove  clvld-rj  -ly  tire  rq :  royrimo  de-v,.:.-:  of  freedom  (df).  :i 

S^c  ivi  . -.a J  Cnaj-t.:.-  3. 
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the  F  ratio  is  greater  than  the  F  (1  a)  statistic  the  niill 

rJr2 

hypothesis  that  the  factor  had  no  effect  is  rejected,  ,and  rj 
are  the  degrees  of  freedom  in  the  numerator  and  denominator  of  the 


F  ratio. 

The  ANOVA  data  obtained  in  this  study  for  the  TL/CL  expected 

profit  performance  measure  is  presented  in  Table -XX  for  the  interested 

reader.  The  degrees  of  freedom  are  the  same  for  each  of  the  other 

3 

performance  measures , 


i lit:  computational  xorim.s’.i^  for  t sun  of  squares  may  be 
found  jii  f*uo..tiiury  cr  »i'.  uuunitall  • 
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••  TABLE  XX 


AKOVA  FOR 

1L/CL  EXPECTED  PROFIT 

Source  of 

degrees  of 

Sua  of 

F 

Variation 

freed  ora 

Squares 

ratio 

A 

1 

86,064 

.00024 

B 

1 

2, 48/, 612, £62 

** 

7.06678 

C 

1 

77,484,194 

.22012 

D 

1 

2,928,671,473 

** 

8.31974 

E 

1 

778,271,971  . 

2.21091 

F 

1 

ft,  977,039,915 

25.50187**' 

AB 

1 

77,054,877 

.21890 

AC 

1 

491 

.00000 

AD 

1 

7,202,549 

.02046 

AE 

1 

631,307,171 

1.79341 

AF 

1 

9,119,695 

.02591 

BC 

1 

790,168,790 

2.24470 

.  BD 

1 

2,625,743,262 

7.45920** 

BE 

1 

214,529,719 

.60943 

BF 

1 

1,032,111,683 

2.93201 

CD 

1 

17,847,982 

.05070 

CE 

1 

1,613,393,219 

4.58331* 

CF 

1 

6, 116,515 

.01738 

DE 

1 

80,086,535 

.22751 

DF 

1 

1,946,189,605 

** 

5.52871 

EF 

1 

44,227,059 

.12564 

ERROL 

10 

3,520,349,339 

TOTAL 

31 

* 

Significant  ;*.l 

★  A 

Si":u£  ic.-.iit 


•jw  ie;i  it  vci 
slit-  5:<  level 


**+ 
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APFENDIX  2 

A.  FLOWCHART  OF  THE  SIMULATION  MODEL 

A  verbal  description  of  the  simulation  model  has  been 
presented  in  the  text  of  this  study.  Thus,  discussion  of  the 
simulator  will  not  be  included  in  the  appendix.  In  the 
discussion  of  the  simulation  model,  the  flowchart  of  the  nodel 
vas  not  included  tc  increase  the  readability  of  the  project. 
For  the  interested  reader,  the  flowchart  of  the  simulator  is 
presented  in  Figure  3. 


3.  THE  SIMULATION  CCMrUTER  PROGRAM 


The  computer  program  of  the  simulation  model  is  presented 
in  Figure  4.  The  coding  is  written  in  the  OMNITAB  computer 
language. 


■  J0avi«!  hi S-iTly  f.  P-.i-vy,  and  Ruth  Varner, 

User'r  j'-.-f-  va-  :<  Uni'.id  fiat:-;'  r,cp.:.',.:.vr.L  cf  Cu'.v.orue,  Nat.ion.il 


:  ..  ..  ’  •  *  ...  »r*  i 

iL,  V  V—  t  ■!..  .  >•  '  >•  v*  -‘t-fc  •  .  «  4  i 
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Figuro  3 

Flowchart  For  Simulation  Model 


(1) 


(2) 


<7) 


determines  the  full] 
costs  of  each  code 
on  each  segment 


,0  ; 
'»■  i  v  conoate  o^v 


[multiply  .6  of 
this  segment 
traffic  subject  . 
to  interaodal 
competition 
jplus  that 
[reserved  for 
this  mode  due 
to  logistics 
[constraints  by 
the  contribution 
and  store  needed 
!  capacity 


(8) 


.1 


<5> 


multiply  full 
cost  contribution 
by  that  which 
must  go  by  this 
mode  and  store 
needed  capacity 
<A») 


(6) 


multiply  the 
contribution  by 
amount  of  traffic] 
which  must  go  by 
this  mode  and  - 
store  needed 
capacity 

CE) 


T 

JX, 


multiply  the 
full  cost 
contribution 
} by  the  amount 
i-.cf  traffic 
jwhich  must  go 
by  this  mode 
and  store 
needed  capacity 


[multiply  conpeti-j 
tivo  contribution! 
by  estimates  of 
competitive 
traffic  he  will 
obtain  (.6)  plus 
what  must  go  by 
this  mode  and 
store  needed 
capacity 

(B*) 


T 


© 


iVs.n^.p^iow  ’ 
cos 


(18) 


<20 


subtract  the  capacities  required 
for  covenants  iron  total  capacity, 
beginning  with  aode  and  route  ' 
segment  with  largest  contribution, 
until  capacity  iu  exhausted 
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o-Nita  algorithm  m  aid  cmimci  aiaocatjow 
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OMNUlS  ALOOBM**  FOB  RATE  OCUBMtMAtlON  ANI)  COUltmEN.  ALLOCATION 

LIST  OF  COMNANO*.  OATa  AND  DIAGNOSTIC! 
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*1/A«*0*E  3*5  t*IO  5,SS 
4?/A«0vt  4«S  IM»  5,65  „ 

4J/atsanSP0S£  aa3  l.TS 

44/0Em0T£  S  *S  JS  TS  36  »S  Jt  TS  31  ?$  14  75  «q  ?5  41  ?!  A{  ?S  A>  75  44 

&Z\  s  ??  I!  ?!  It  ?!  I?  ?!  IS  ?!  it  ?!  «  ??  H  ?!  2!  ?!  I?  ?!  U 

4?/OE*«oT£  S  18  65  ?«  66  ?•  *?  ?•  68  78  4«  T*  TO  T»  71  T8  72  18  ?J  78  H 
4A/NCSCT  N0MAI  8 

ffafonm  it  M 
amqvc  1,3!  0*40  l, tOl 
A-OVE  I *T9  4*13  1*2 
AOlvtCi  1,2  2«13  ,«*»  1,2 
401*106  3,2  2*13  .0  3,2 
OfAFORM  U  46 
AMOVE  1,38  6*40  1,141 
OFAU  1,2, 3. 4 
.54?  ,0046  .0163  ,*24 
•  410  0033  ,0132  *01* 
ft.o  >0642  0*0  *0211 
4<0  <0114  0,0  ,8142 
PfOFOR*  l  It 

601*10*  1,2  2*13  1,3333.1,2 
AOtVlOE  1,5  2* It  ,?5  i,5 
4J0»E  1,2  4*13  1,70 
»fRFO*N  u  40 
4«0VE  1 *35  8*40  l«10l 
4400  1 ,3*  *IlO  t»«  1,221 
4400  1,35  0*10  1,65  1,231 
4400  1,45  0*10  1,55  1,241 
4AC0  1,65  »UC  1,45  1,251 
*«0V£  l«T*  4*13  1,2 
401* IDE  1,2  2*13  ,4660  1,2 
4QIV10E  3*2  2*13  ,5  3*2 
A01V1DE  1.5  2*10  ,5  1,0 

Mo?  OP"  11  *• 

A«0«E  1,35  0*40  1,261 
A 400  1,35  6*10  1,85  1,301 
AAOO  1.35  «*10  1,*»  1,311 
AAfO  |, AS  8*10  1.55  1,321 
AAOO  1*45  0*10  1>«5  1,331 
AaDD  1 ,1p1  0*16  1,241  1,341 

AAOO  1 • | 8 1  8*10  1.2*1  1.3*1 

AaCO  1,141  8*10  1,281  1.361 

AAOO  l»m  8»it  l»2*l  1*111 

ttO'J  l*2tl  «*1C  1.201  1,361 

AAOO  1,261  #m  1,211  3,3*1 

AAOO  1,271  0*10  1,201  l.AOl 


»Wt  4* 


Utsb'fbfc 
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algorithm  res  rate  oeterminniion  »no  ebvirrent  allocation 

LIST  Of  COMMANDS*  data  anO  diagnostics 


noe  «» 


Atoo  i.in  mo  i.on  i,*n 

AO/AtBlNSASSC  1,101  J*10  1,1 
»»/JNC»£“tNT  49  «,20  c*0  0*4 
»rafpe»  *9  So  i* 

$1/AT*ANS90SE  4,101  1110  1,IS 

SJ/INCSlJtNT  SI  0,10  0*0  0*4 

REBEl^N  M  *2  32 

DIMENSION  40  US 

RESET  *<»*4J  10 

insert  z  i  a  f  49 

INSERT  49  T  3  3  49 

insert  w  t  4  4  to 

»*«RT  ♦  11  *  *  SO 

!R«RT  SO  ll  3  J  SO 

1nSE»T  SO  J  4  4  so 

!*<S£»t  4  }3  2  {  Si 

INSERT  51  13  3  J  SI 

INSERT  SI  1  4  4  SI 

INSERT  2  IS  2  2  $2 

INSERT  S2  IS  3  J  S3 

Insert  $2  3  4  4  so 

INSERT  19  IT  2  2  S3 
INSERT  20  IT  2  2  S4 
INSERT  19  1«  2  2  SS 
INSERT  40  IS  2  2  8* 

INSERT  2J  21  2  2  S? 

INSERT  24  21  2  2  SI 
INSERT  23  22  2  2  $9 
INSERT  24  22  2  2  40 
INSERT  23  it  22  41 
INSERT  24  if  2  f  02 
INSERT  23  is  2  2  43 
insert  24  u  2  s  44 
n*i*t  os 
insert  20  21  2  2  44 
INSERT  19  22  2  2  AT 
insert  20  22  2  2  «$ 


ai/ Insert  j3  « 


9  3  2  S3 
1110  0  1 


#rSTC«E  *1  S3  2«  4  2  S3 

RfSfORN  41  42  4 
43'1nSEAT  ST  3T  3  2  ST 
»4/InCnE-EnT  «  l  100  1 

prBEO*H  43  04  u 

RESTORE  43  ST  JT  4  2  J* 
PfREORN  43  44  12 
4-OVE  1,S  |0*2  1*100 

*“C>vC  1,9  |0i2  1,102 

A«0»£  1,2$  10*4  1,104 


J 
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*U0B!7N«  ton  OetcaNJNiTjO*  *M>  EOUl*MC„,  4UOC»t|»M 
htsr  or  eo«**NQ*t  oita  <no  ouonostjc* 
wove  U))  ion  },)>» 

4-OVC  1,4*  44120  l,  l 

*r«*se  i.2i  *0*79 
*«ove  1.2  *0*1  1*2* 

*-OVE  1,4  40*1  1,24 
WOVE  l*|02  10*1  1*44 

1.102  Uit  1,10*  !,*• 

set8*.  1,141  l9M  ,*,1#  1,49 

SET  J  JM  1  3  *  ’  J  J  ‘  1  M  ♦  »  n  ♦  1  n  »  1  2  1  ,  |  t  3  »1*J*12J4 

W  *«‘»*  *  *  *  1  *  J  *  *  4  *  *  5  s  S  »  *  04  *  7  7  T  T  »  ,  ,  .  4  ,  ,  ,  J# 

I#  . 

SET  >0  1  • 

moo^ooo  4000  33400  11290  36,0  2*00  16000  244«0  T|00  4000  3*0.0  ,4009  T200 

0490  «200  37.00  9000  7209  S0*90  37.00  *009  72,0  S,*,.  *090  10*90  4*000 

14000^290  4000  42240  24240  00(4  *000  2**00  37*00  40*9  720*  S0400 

i?T#2,#3l  mM  ’'M  9  ’  14449  l*244  •  4  *«4«  <WC*  »  0  *3200  20000  0  0  *3200 
jnV  9  4,200  29490  9  9  ‘1«fi  4  *  »>»«  mo*  0  0  20*00  20090  0  0  *3200 

S?T#?7V**W  1,049  °  *950  29440  «*49  4  3*200  42000  *S000  0  16200  S**90 

4SrT°#33#M  2#0  9,049  4S44°  #  “2"  59499  49449  4  »V4«  «3000  *5000  0  1*200  00.00 

<M  MM*!**/ M*  95800  9  16990  59490 

441)  *6*000,  21  HI 

*09  *0*009,  21  11* 

400  *00090.  21  US 
*60  1.0099,  23  Ut 
4*0  2*0»00,  21  117 
*69  300000.  23  11. 

*66  30»0*.,  23  11. 

J*nvE  1.1)2  *0**  1,71 
72/»^cvt  1,2*  *«2  1,3? 

TI/INC^Ehe^  72  4,0  9*9  0,0 
T./HESET  , 

74/m|nIhv«  1?  *0 
74/4-OVE  1,2ft  *,4  1,32 
?T/!*,COE«E'<r  TO  *,0  g*j  »,» 

3*/S^JS*et  3.  1»  *1 *  9  9  9  , 

?*/SV.,»*t!  3.  40  *2 

JO.^/AOIVIOC  1.**  I*)  2,37  |,4* 

•o.w/InCcc-EuT  Of,»  1,«  0*0  0,0  0,9 

•1/**hH.Tj»lt  ,t„  u„ 


OME  »9* 


U'jvi  i'j* 
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ONNIUI  ACOORtTlI  rOR  RATE  OETERmIIA? ION  l HO  EOUIPHCnT  *UM*rtOM  PMC  Ml 

iltt  Or  C0«"4N0S*  C*TA  *115  6U610STIC* 


R»/*SURT«*C1  J>«  Ml  liM  1 1*4 
•V*"0»£  l.*5  1*1  2. *2 
*«,%/4M0vr  ].*(  Ml  2«*l 
**.*/I>«CstHts?  <*«’  l«0  0*0  0*0 
*1  35  3* 


9o/l>«C,,C**ElT  M  0,0  0*0  3,0 
Ol/A^OvC  I ,46  1*1  2**2 
«2.4/*n0vC  l,‘»  MI  2**1 
02.4/!NC"C»ENt  02.5  1,0  0*0  0,0 
*1  3}  16 
o*/«»uttj*t»  *i'S*  i« 

4«/*«0VC  1,32  3*0  1,90 
46/IhCt,Cw?NT  05  0*0  0*0  2'0 
pfuropH  *2  9*  10 
4UJVE  1,05  40*1  1,10 
RrsTORE  76  | *24  *«*  1*12 
»ES?:*«E  *2  1,2*  ‘*2  1,3* 
*T/PEBE0BH  72  70 


*«/PCP*0S«  *7  00 
9»/»vOH  1,32  ♦**  1,11 
Ol.l/tlC'CPEN*  00  0,0  0*0  4,0 
Of urea*  0?  00.1  10 
sr*  or 

5  t  0  >  H  3  I  M  M  3  M  M  IT  M  M  M  0  0  IM  I 
ill  0* 

010203C40SOOOTOOOOOIO 
IOO/RE5C7  4» 


lOO.MtOiSt  i20  121 
1o»**/p*;Sj*>  ss  1*0 
100;3/P*"S«N  61  121 


UC,*/0y*UC4TC  *0  *0,120  1*2  1*120 
lOO.VSVTClCT  129  7J  73  v 

100*6/5;iS,,,*CT  121  1*  7* 

}#(,*T/AMCvE  1*71  4314  1*07 
!00,p/*»3ve  1,57  30(1  1,21 
UO,R/5u*TO*Cl  *4  37  37 
•torciM  100  100,0 
RESET  30 

IAI/N4HMUH  ST  64  SO  or  31  66  $2  00  S3  TO 

101,l/4R*SE  00  1 

101.2/1***  6T  2,0 

1#|.3/**‘TC"  37  4*  ST  00. 

l»»«V*t*te«  37  0,9  97 

1A8/SU9M4CT  TO  72  72 

IOO'ER*SE  76 

IK/**6TC«  00  46  21  St 

1 ] i/m41 Cm  00  66  52  S3 

112/»*tCn  S)  Of  0;0  ST 


OUblbb 


-21 3- 


WNIT48  ALGORITHM  fOR  RATE  DETERMINATION  AND  EOUJBMEnt 
LIST  OF  COMMANDS*  DATA  AnO  DIAGNOSTICS 


ALLOCATION 


rage  mi 


112,1/XFNE  GT  3,0 
112»2/MATCH  5T  66  57  99 
n?. 3/match  5?  99  0,9  57 
11*.*/IFLC  n  0,0 
112,5/IFLE  72  0,0 
U2. 6/SUBTRACT  70  69  76 
112,7/SURTRACT  76  7|  Tl 
112«®/PE*F0Rm  lot  H2 
113/IFNE  67  4.0 
11*/mATCk  ST  66  57  99 
tl5/MA»CM  57  99  0,0  57 
116/IPLE  73  0*0  ‘ 

II*«1/SURTRACT  To  69  76 
116,2/SURTMACT  76  73  73 
IT7/PERTORM  107  112 
11R/PERFORM  101  101,4 
116.1/PEBfORM  112,1  112,6 
119/P£ftF0"M  113  117 
H9.1/1FLE  ST  0,0  . 

PERFORM  il»  119,1  3a 
EB*SE  66  67  66  69  70  75  76 
RESET  29 

114.4/AM07E  1*65  20X1  1,22 
11*,S/SU»TR*Ct  62  65  6$ 

PERFORM  U9,4  H9.5 

l^oa/tPASE  99  66  58  67  58  88  60  88  91  70  "  96 

170a/lFNE  67  2,0 
120,3/MATCH  96  96  65  99 
120.6/mATCm  98  96  0.6  65 
121/IFLE  72  0,0 
122/1FLE  74  Q.Q 
123/SUBTR4CT  7o  69  76 
125/SUttTB4Cf  76  72  72 
126'SUBTRACT  76  74  74 
127/MATCM  99  66  22  62 
126/m4TCm  »9  66  60  61 
126,1/MaTcN  59  60  0,0  65 
12R.3/RE5ET  30 
126.A/AM0VE  1,96  10X1  21,96 
126,7/MaTch  97  96  21  54  ’ 

179,1 /MATCH  9T  96  52  53 
129,2/reSET  *0 
129,4/lFNE  67  1.0 
129.5/MATCM  65  66  65  99 
129.6/M4TCM  67  99  0.0  65 
130/1FLE  74  0,0 
131/SU0TR4CT  70  69  76 
133/SUB TRACT  76  74  74 
134/PERF0*M  127  126.1 


o-MUB  algorithm  for  rate  o£tea«in*t:on  and  tw ip-e-t  auocaticn 
U$T  0*  COMkAmOS.  OATA  A.,0  OUGmOSTICS 


us/perform  i*o  u«.* 

130/P£*F0RM  129.0  Uo 


m.l/IFLF  05  4.0 
PFiFCRH  j34 , i  *0 
02  12] 


**EAD  50/  BOIL  *00£S 
NC*0  »!/  ROUTE 
HEAD  52/  Es'  maRkeT 
h»aO  53/OOJ  £ST  m«T 
«E‘0  5»/  *  ST  prqf  |T 
«F*0  »z?/COt<  £5T  PFT 
«FAU  SS/UmAOJ  e*tE 
*<t»C  SU/TPUC*  VOCES 
NC«0  »«/  ROUTE 
mfau  00/  £ST  vAflitET 
HC*&  61/ACJ  ESI  «Kl 
"E1U  02/  EST  PROFIT 
«FiO  123/CUm  ESt  PFT 
hE AO  03/Unadj  bate 


h* ao  tt/tran  ro  mode 

HJAO  TO/  ROUTE 
ME»0  79/  EST  MARKET 
hp*0  40/aoj  EST  ukT 
"FaO  01/  EST  PROFIT 


"t»U  I CUM  CAT  Mri 

HEAO  fci/uv*0j  RATE 
PR|Nt  so  59  Oo  flj  02  |*3  *3 

RaRSum  s*  ]22 

PRINT  50  51  52  53  So  1*2  55 

•rsct  AO 

E»aS£  00  OT  00  09  ’T  75  To 
lJT/AOtriNE  2*77  1*0  o.O 
IIR/ImCrEmImT  137  »,)  oaO  0.0 
PFRFOSm  |]7  1)0  to 
AMOVE  1.R7  «0U  l;7l 

*»0U  l.Tl  *0«1  1 . TO  ,,TJ 

135.3/*“0V£  1,00  O0«l  1.20 
|0«.A/SUMTRAJT  a,  h  „ 

PF«cp»  i3a,3  iS4,o 

T  39/mat  I mum  Oo  06  17  OT  TO  00  T9  69  00  7( 

|}9.1/£R1S£  99 

i’Til/lfvf  67  3.o 

139«3/**'CH  8*  06  Oo  99 

n9.4/«ATJH  ok  jo  0*4  10 

iMO/lfLC  »1  4.9 

101/TFLE  72  0.9 


1a2/SumT«aCT  TO  69  TO 
14*/5VMT«ACT  7i  *1  71 
105/''»07aAeT  TO  72  T| 


OMNlTift  OLOMtTHN  FOB  **TE  D£TE«n1n*TI0N  UNO  £OtflF*£NT  iUOCATIO* 


►*6£  104 


Ll$t  OF  C0NN4N0S,  OAT*  AnO  OllGsOSTJCS 


ua/caase  n 

liT/vifC"  *9  A*  24  01 
140/** IC"  90  46  TO  00 
|49/m*1Ch  TO  60  0.0  04 
l*9.1/l»*i£  *T  4.0 
.149.2/XAtCH  04  *6  04  00. 

1«9.3/h4TCh  **  09  0.0  0* 

IfO/IFLE  71  0.0 

m/SUBtfiACt  70  AO  TA 
/Su*T#*CT  TA  71  71 
j44/F£“F0F«  *47  140 
|}*,i/1Fn£  *7  1,0 
|%4,?/m4tCm  04  46  04  94 
l«14,J/“A»e«  04  00  0.0  04 
|«5/tfLC  71  0*0 
I'A/SviathiCt  70  A4  70 
l48/S,JB’;i4Ct  76  71  71 
tcO/CtBFC04  147  140 
144/PEOFOBH  134  140 
t6|/B(«rOB4  1*0.1  Is* 

142/°larO<'M  154.1  ISO 
147.1/1FLF  *4  0.* 

■BoFpvB  160  1*2.1  30 
►4bSui,  01  124 

►BINT  77  70  70  00  01  12*  02 
l*J/0£StnoE  72  1.26  4*2  1*17  , 

1*3,5/wES7CbE  "O.S  1.**  1  si  2.1'  1.4A 
163.A/°£STCPE  04. S  1,40  1*1  2,i4l 

l*4/«fS10St  74  1.2B  414  1*32 
l*7/«E5tnaE  40  2.32  3**  1.50 
l*4/<*eS'ccE  45  1,32  2*0  1,50 
1*«.5*hES70w£  42*5  1*49  1*1  2*41 

I'O/ptS'oaE  04  |,32  ***  J.77 
|7l/*-tSTOsC  137  2,77  1*0  0,0 
ITj/BEBFOBN  161  171 
|76/p(Dfi)BH  72  46  It 
lT7/4«07£  1,05  40*1  1,30 
l7»/»£Bri»"  163  1*4 
174/P£»rn»4  97  44,1  10 
l74,l/B£a*0aN  100  100,9 
1*»/KESET  lo 

)«|/P£«.OBN  110  110.1  3# 

1«3/£a*3£  66  A7  6*  *«  70  75  7* 
l»4/4£i£T  20 

1*4. I/NEBEOBN  119.4  llO.S 
l»5/p,Rfn«4  7 35  lJ6,l  20 
JOS,  1/B4*5*J«  62  123 

l*„/«»0|*7  6*  50  60  *1  62  123  AJ 


-;~4 


1*6.1/41 SET  >0 
t**.2/B*fiS°N  S* 


096758 


216 


owning  oigorithw  roo  Rite  determination  and  eooirmiht  aiiocatioh  .  not  n* 


list  Of  COMWinOSt  DATA  AnO  0t»5n0iU«S 


l»g.3/RR|*JT  se  SI  52  S3  5*  122  55 
157/SfSCl  At 

184/ERA5E  06  67  6&  67  It  75  76 
IRVefafOR*  137  13«  |o 
1*0/*W0V£  1«<*7  *0**  1*71 
1*I/AAU0  1*71  »0«*  1 i 74  1*71 

'  m.l/PturOBf.  13". 3  13*.*  . . 

162/PEWFO®**  160  162.1  3# 

1«7.1/H0SU«  «i  *a« 

l« J/eplwr  77  76  79  Bo  81  12»  62 
A-O'E  1,1  *0*1  1,26 
A«Ov£  lag  6071  1,27 
AmovE  la  ISO  10X1  1,66 

»svai»*cT  i.ioo  iom  l.ios  i,6* 

tSlld  TRACT  1,101  10>1  laid  1*69 
1*112  60X6  1.71 

SET  30 

36000  7200  9000  52200  39600  lOOOO  10800  56000  396)0  lOROO  72ou  50600  39600  loROO 
sri  15  30 

10600  6*009  39600  10400  10990  56000  39600  10800  10606  5»0n0  17A0O  9060  7200 
SET  78  3C 

50600  13200  3600  3000  176(0  26*00  7200  6000  3**00  >2500  3n00  2*00  16800 
SET  31 

2*900  0  0  63200  20600  0  0  63200  28800  0  0  63200  26806  0  n  *3200  28804  0  r  63200 
SET  21  31 

R6000  0  0  63200  20800  0  0  63200  9600  6  0  1**00  1*200  0  0  9600  9  £  1*604 

SET  85 

*5000  0  10200  59600  50*00  0  21*06  6*660  *6*00  0  1*030  61200  6v*00  0  216)0  4*600 
SET  IT  05 

58*00  0  21680  6*800  40*40  0  21*00  6*800  *5000  0  16200  59*00  16204  0  6600  21000 
sri  33  86 

32*00  0  13200  *2000  1500m  0  5600  19800 
REREoRm  172  103 
**>0V>  la  102  10X1  I  a *4 
A*.|6ia6Ct  1.102  10(1  1,18»  1.90. 

*5ut»T8»CT  1,101  10*1  1,106  1,69 
AMOVE  1**  *0*1  1*26 

AMOVE  lalo  *0*1  1*27  1 

Amove  loll*  *0*9  laM 
Set  so 

*3200  36000  36000  *08(0  33600  28800  2*000  31200  !?000  9600  9400  13208  33*00 
SET  1*  30 

2*804  29600  36000  10400  1**00  12000  15*00  12090  9600  9690  13200  29*00  2*400 
SET  27.30  . 

19200  26*00  16909  1**00  12000  15*00  28800  2*000  2**44  364(0  36000  28*0 0  36000 
SET  *0  30 
46000 
SET  31 

7200  0  0  10000  *800  0  0  7200  2*00  0  0  3600  *800  0  0  7200  2*94  0  0  3689  2*00  0  0 
SET  2*  J| 


UV»U  l-VJ 


•if 


0-NJT48  AL800ITNM  r Oft  l*TC  OEUNMlNAtlON  eau|Mu.t  «U0CAT|ON 
USt  «r  COMMANDS  .  CAT  A  ANO  DUOnOSTIC* 


*AG £  |ft* 


S£t#ss*,#  *  0  7200  2400  0  *  3,00  **"  0  *  T2oc  ,l#«  o  •  10*00 

semjM2088  *2800  57600  0  Meco  00900  *‘*00  9  J^OO  22*90  62*90  0  SUM  *woo 

V**M#»r*M  90090  2,600  #  ,'2#0  «*»»  *»♦#•  *.MW>0  MOOO  2B800  0  £0*00  30000 

Proroi oS  ??r?,S0000  72000  0  64600  7>60° 

***0V{  1.190  1C >1  l.„ 

AsodigACt  1,K0  10«1  1,10*  l,*» 

ASU8tR*Cr  1  103  10*1  1,111  }  W 

*-0»£  l.J  NOM  1*26  * 

AMOVj  1.1.  *<iil  1  ,Jt 

*MOVC  1.11*  *0«*  1,*1 
*rf  io 

33*00^86,0  1*280  2*»00  *0*0*  *3200  2*800  3**00  120„  *60#  *4*0  V3206  12989  **00 

sriSt^J0  Me0°  94000  2'"’00  30000  28806  2*000  3»3°»  »«°®  6*oo  *too  moo 

V6»04J1*.00  **00  13200  1**00  12000  12000  15*00  l»*00  1*A»0  *600  11200 

S*I#2!  3| 7900  T20°  °  0  10009  2*00  0  fl  3006  2*09  •  0  3*00  **00  0  0  T20*  0*00  P  0 
;??%r00  0  *  3600  **00  0  0  3*00  2*00  0  0  3*00  2*00.0  0  3*00 

srr#iT0*s*0,°  55200  7,2,0  0  72000  "2*00  2,409  0  »**M  22*00  21*00  0  1*201  22*00 

^#^°00  ‘0000  52000  0  O0',0°  5S2#S  2,409  9  >9*«0  tt**0  2*409  0  2*000  2**00 

ocoros!  i?!°M7000  20400  0  24000  27000 

AMOVE  1.H2  ie*|  1 144 

4S‘£Src!  l«,e2  10‘i  i.w  ».*« 
aSubMac*  1,101  10*1  1,10?  1,** 

A“OV£  1.4  4«*1  1,2* 

AMOVE  1.20  4V*1  1.21 

Amove  i«u°  *o»*  i,*i 

8f  >  3( 

«T°JS?30°  ,#*°  SZ*00  >2°00  3C°0  2*00  1**09  12000  2*00  3*00  1*000  30*0*  19*00 
vr°w*$!0#  25200  00,0  7200  3,000  12,00  3,00  3*00  1**00  2**09  T2M  *000  3**00 
12009^2*00  2*90  1*«0v  252*0  0900  4H00  33600  11200  3*00  3*00  1*000 

49200  ,b0°  8  8  34400  0,00  0  8  14406  2'*09  0  0  *«9*  >,3««  »  »  ™*0* 
set*#0  *  94400  ,,2S0  8  0  mco  0600  8  0  1448,1  ?424*  0  0  2*#9,>  '‘oo  •  •  i*«eo 
«?#1?#*SM00  54405  15088  °  5400  10806  ,MW  6  **«'W6M  »0*80  0  21*00  **000 


036/60 


>■*.*.  . ; 
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0NN|T*H  AlG0*I1»N  E0A  BATE  DErt^lMttJON  AND  tauiP^iMT  ALLOCATION  *46E  18T 


L>$t  or  COMNANiOSt  CATA  A-.J  OUOnv.'TICS 


32*00  »  13200  *2000  ISOOO  0  4*00  19800  32*60  0  13240  *?000  1**00  0  MOO  19200 
SFf  33  AS 

socoo  o  loeoo  moo  uaoo  o  rioo  2t«oo 
PFUFtS*  172  |9) 
a 1*100  fOM  3  •»* 

. -ASii«ie*tr  l.'Oo  >0«l  1. 10*  I.*8 

AS08'aACT  1,103  10*1  1.110  t,«9 
A*07L  1.)  *0*1  1.26 
Aunvt:  1*13  auaI  i»2‘ 

A«»Vt  1,116  «0»*  It 71 
S?7  jo 

26*00  '2X0  7200  16000  17600  9000  9000  $2200  36000  7?«9  10AOO  5*000  36000  »200 
SET  15  I* 

leAflC  3*000  26*00  7200  **00  33600  2*000  *830  *000  33*40  12*00  3000  2*00  16900 
SET  29  30 

2**00  '200  0000  3*600  26*00  '200  *800  33600  36000  ?2oO  '200  50*00 

SFT  31 

19?00  t  0  28*00  28603  0  0  *3200  26800  0  0  *3200  22406  0  0  *3?C0  19200  0  *  28*00 
SET  21  31 

19200  0  0  20800  9600  0  0  1**00  19200  0  0  28900  19200  0  C  26600  28800  0  0  >3200 
set  es 

33000  4  1**00  *3204  *6000  0  15*00  61200  *6800  0  10oo<!  »12o9  *9*00  0  1600*  *1200 
SET  l?  is 

31200  0  12300  *0804  24*00  0  9600  38*00  150#0  t  3*90  1«03  32*00  "  13200  *2000 
52!  33  OS 

31200  0  12000  *0804  >3200  0  1**00  $7600 
82t-EtS«<  172  193 
A WOVE  1.102  10*1  Iaa* 

AS<<8<PAC1  1,102  10H  1,108  |,*« 

A$l 91AACT  1.103  10*1  ],111  1 ,*9 
A»pvr  1  <2  *0*1  1*26. 

A^vf  MO  «J*1  1  «27 
*“CVE  1,112  *0»*  1,71 
SET  JO 

1**30  1**00  1**00  18304  16*00  1**00  1**00  }8000  26404  2*460  2*000  31200  33*00 
SET  1*  36 

2**90  19200  26*00  $0*00  *3200  36000  *6000  |6B00  1**00  126(0  15*00  16*00  1200* 

SET  27  3? 

12000  35*00  33000  20800  20800  36000  16804  1**30  !**06  18C-C.0  1**0*  1**40  16*00 
SET  «o  30 
1*000 
SET  31 

2*00  0  0  3*00  2*00  0  0  3600  *800  0  0  7200  **00  0  0  7200  7200  0  0  10860  2*00  0  0 
SET  2*  31 

3*80  2*00  0  0  3000  *404  0  0  '200  2*00  0  0  3600  2*00  0  0  3600 
SET  AS 

31200  5  2**00  32*00  31200  0  28*00  32*00  52800  0  *6040  55260  52600  0  *6006  SS200 
SET  II  es 

46*00  0  70200  40093  24800  0  26*00  30040  26*00  3  2*V06  27800  02*06  0  *7*0*  ***00 

set  33  as 


/ 


0967t»l 


.  •«« 

:  i 


4-,J 


0«nM*8  •10M1IM  FOX  SATE  OETt^fUtlON  AND  EOUlt'f'ENT  AU'iCATlON 


PACE  1«» 


(.1ST  OF  CO>AA«<USt  OATA  ANO  DIAGNOSTICS 

'  Jl*»0  t  >«W  32*09  31200  0  24800  >2*00 
Brero**  172  10 J 

A»ovr  uioo  n«i  i,*« 

4«.ilM*Ct  1.105  14a  1  1,10*  1«*» 

ASyoTrfACr  1,101  10*1  1,10*  1 ,»0 
A«'(AE  1#1  *0*1  1*2* 

•A«OVF  It?  *4*1  1,27 
*-3v£  t*U2  *«**  »*M 
5f'  30 

*1204  3*090  38*09  30*00  2*900  10290  28800  3*000  !*»0fl  1**00  l200«  15*00  5**00 
S*T  14  3* 

*3200  *3?O0  5*009  59*00  *3200  28000  1*000  1**00  12000  1**00  >»00t  3*000  20*00 
SF!  27  30 

20100  3**40  *J2«0  3*000  3*440  4*800  12000  **00  0*00  13200  50400  *3200  3*900 
SC  7  40  30 
4**90 
SET  31 

7204  O  O  10404  4800  0  0  72o«  2*40  0  0  3*00  7200  0  0  10*00  7204  0  0  10*00  2*0*  0 
VI  23  31 

4  3o00  7200  0  0  10*00  7200  0  0  10*00  2*00  0  0  3*00  7*00  0  0  1 9*00 
5*7  1* 

7?i,i)i  9  *4*00  7«.*(i0  >2400  0  **000  SS200  2*860  0  2**04  10990  93409  0  "*40«  *7200 
sn  |7  •* 

742}<i  0  7?040  82*09  2*300  0  2*400  30400  *4*69  «  S’eoo  *••<•«  7*290  0  72*04  *?FO« 
$rj  3J  84 

21M0  a  1O240  22*06  8*.*H0  0  79200  90000 
Oram?*  172  1*1 
*»0»E  1»102  14*1  1*4* 

*4-j*l!-«Cl  1 ,1C2  1««1  1.10*  1,4* 
aWnaC*  1,103  16*1  1,111  1,49 
A*0V£  1.2  ,3*1  1«2* 

*-0vF  1,12  ,0,1  1.2* 

4«0«t  1,112  40*4  1,71 
Sft  30 

37*90  *000  9000  *2203  3*004  7200  9909  52200  3V*oO  14*60  9600  52260  12400  24*0 
Sf  r  15  3t' 

3406  ] 8040  252 CO  *000  7200  3*900  17*00  3000  3*09  1*040  39*00  10*60  72«0  «4*00 
Sfl  29  30 

12460  2*00  2*00  1**04  37*60  9600  16*06  5*006  2**09  7200  7700  3*0*0 
SFt  31 

2**00  «  0  *3200  2**04  4  0  *3266  2t«60  0  0  *32CC  4*16  6  6  1»*C3  T'260  0  0  2*800 
SET  2i  3| 

9*06  0  0  1*400  28*00  0  *  *3200  9*00  6  9  1**60  2«»40  4  0  43200  19204  0  0  29*00 
5»»  15  • ■ 

44*60  0  1*000  *1200  ,8006  0  1*200  49*00  4t«69  0  )9»4i)  43l>60  15*06  0  *4*9  26460 
5*7  17  PS 

34*44  3  132 90  42096  1*200  0  ««C0  21640  4**66  6  10064  *1746  1*«40  0  4900  19240 
5*.  I  33  *5 

«  19*90  *3060  33*04  0  1**00  *3200 
PfWOBN  172  193 


096V 62 
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4  -4 

!  '3 

-  —t 


0»MTiB  AlOOBIT**  FOB  RATE  OE  Tim  I  NATION  ANO  COUOOInT  AUOCATJOn 


BAOE  104 


ktst  or  COMkAbOS.  Oil  A  AsO  ouonosucs 


AmAvE  (.100  10)1  1  .44 
A«'JftfCAC*  1,100  la*  1  1,1 04  t,A( 

AS-Jbfw.CT  1,101  1«M  1*100  1 1 A4 
A-OV?  1.1  AOA l  1.2* 

AMOVE  1,5  .oil  1,71 
AMOVE  1»1U  *0*4  1  *fl 

4*t  ie  , 

17600  30C0  3000  l>*0)  76*60  1700  17 03  36000  3*900  10*00  1*600  5*000  |It<V>  3000 
SET  IS  3* 

2*90  1**00  12600  300)  3000  17*10  36000  1? 00  7200  So»4(i  3**00  lOBoi)  10600  S40A0 
SET  24  30 

26400  1200  7200  3600)  3690O  7? to  10090  5*000  39000  T?O0  It 00  SOAOO 
SET  31 

4600  0  0  14400  14200  0  0  2*000  ?«*00  0  0  *3200  *6*0  A  0  1*409  9600  0  0  )A*OA 
SET  21  31 

2*400  9  V  43200  2940)  0  0  *3200  19200  0  0  2*400  29660  0  9  *3200  ?»B40  0  0  43200 
SET  45 

1S600  0  *009  20*00  3)600  0  1**00  *3700  50*00  0  21060  6*640  15)00  0  5*90  19400 
SET  IT  6C 

14600  0  *060  70«0C  *3200  0  |**00  57606  $0*40  0  <|5(p  6**00  50*00  0  21*00  6*900 
SET  33  «S 

**96"  0  12000  61209  *3200  0  1**0)  57600 
PERFORM  1T2  193 
amove  1  >107  1**1  1**« 

A4uHI*»Ct  1,102  15*1  1 .30*  l.*« 
aSjh'p.C1  1,101  10«l  1,10»  ( ,*4 

AMOVE  ),*  40 I |  1.24 

amove  i.i»  *on  1.21 

*“0*«  1,116  *01*  1.71 
SET  30 

3*004  2**00  7*900  39*00  1**00  17009  17000  iSOJO  16400  1**«0  4»00  13200  2»440 
SET  |«  34 

19204  2HO09  3*000  3*vOA  26*9)  *32)3  4*v00  *3200  3*004  *i?nu  5*004  2**00  2*000 

sn  27  3i* 

19200  6**00  2*090  19200  192))  26*09  *3700  3*0)0  2*r0«  3V640  1**00  14*00  14*00 
SET  *0  39 
1*000 
SET  31 

7200  0  0  10390  2*00  >  0  3600  2*00  0  0  3609  *800  9  0  7700  7206  0  0  10*00  1290  9  t 
SET  >*  31 

1*90)  *6)0  0  0  72)0  *690  0  9  Tcoo  *2 00  «  9  10*04  *600  0  0  729) 

SrT  4* 

6*«00  0  51*09  40*0)  26*09  4  2*00)  27600  26*05  0  2»(-«4  ?T»00 '62.40"  0  *600"  WOO 
SET  17  05 

T4?04  0  77)00  42*00  «4*00  0  19200  40990  *400"  0  *3200  40*00  0706  0  3*»10  *5*00 
SET  33  8S 

7750)  4  »»»04  75600  *2*00  0  57400  6*»00 
PemFOP*  172  143 
a»ove  moo  ic*i  i«** 

»SV»l«I»Ct  1,100  ini  1,105  1,46 


% 

i 

:J 


* 


1 


.3 


U'JVfUJ 
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n---* 


0-MT*8  AlOOMIHl  t QH  8*TE  0EU*>»1H»TUjn  «NC>  E4UI»*l*lt  Altn;*TJOS 


•At.?  t|« 


tin  or  ecxMAtOst  oata  and  ouoiiostics 


r 


ASUhTRACt  1.103  ton  |,U0  l, 
a«*.)ve  i.j  -*o*i  i*?4 
*»ovc  i, it  ,ifii  )<;r 
A-OVE  1,11*  *0M  l,»l 
trt  JC 

1*10-1  26«0o  ?**04  3V«00  I6840  1**0*  12000  15404  lotot  2*AtO  *l?04  5*404  12004 
srt  1*  10 

0400  l?#fC  10400  »12«c  10(0.1  36300  OMOO  1<»«00  J4*44  1**10  10049  24-IOt  2A904 
SET  27  30 

10*00  14«00  36000  24900  3*000  *646}  13600  ?4*100  2**04  3*440  2*404  1*204  24*04 

SET  At  It 

14000 

»rT  II 

7200  0  0  10400  2*00  0  0  1*04  7206  0  0  14040  2*00  0  0  1600  72  Jo  0  4  KOdO  2*01  0 
SET  23  .11 

•I  1600  *600  0  4  7200  7200  0  0  10409  *400  6  0  TMO  4840  (  0  7200 
SET  M' 

44000  0  67*00  64400  28*00  0  2**01  10044  70200  0  7240*  80*40  24004  0  21*4*  *5200 
srt  17  4*. 

7*260  0  TjrjtO  82660  4)200  0  2**0u  12*60  $7*04  0  S2*4n  400*0  72604  0  4**04  TS400 

srt  IS  OS 

4260U  *  57660  6*500  52464  0  *6606  55200 
pruFm-M  |72  101 


j^’VE  l«|C2  1  u»l  1,4* 

A«,l»«**‘-I  1,10?  1C»1  1.10*  1, 
aVJH’^AC1  1,1(1  10*1  1,106  l, 
a«*4ve  *4*1  1*26 


4* 

AM 


4“0VF  1,1 7  *'<ll  1,27 
Amove  1,11*  ‘.t*  l,*l 


5f»  30 


26*09  7260  6046  .'*'00  lltOO  3C00  3*04  l*OoP  37*„4  *044  14*00  5*040  14044  7201 
*Et  15  If 

*000  5220"  2**00  'iC'l  *600  J1*«0  24*00  7206  7200  3»453  3**00  14*04  14*14  5*010 
SET  2*  31 

12960  2*00  3*00  1*001  12000  2*40  2*00  !6»00  17A<>0  M0*0  7290  50*09 


S8»  II 

1*200  0  0  26600  6*00  0  0  1**90  24600  0  0  ‘5200  20090  0  C  *3209  11200  0  0  7«0)0 
SET  ?|  Jl 

1*200  0  4  2*6tu  26*00  0  0  *12*0  0604  0  0  1**00  v*JO  n  4  14*00  2**00  A  1  *1209 
SrT  H* 

1240o  0  I520C  *2  jOC  1620"  0  6*10  21004  *46«0  0  1**04  63004  *4644  0  1*214  5**90 
SET  17  e*. 

31206  0  l?«0V  *0660  33409  6  1**00  43200  50*00  0  2l»94  4**90  15*00  0  4990  >0*90 
SfT  13  6* 

|4*00  0  *660  10200  * jOOO  0  16200  »1440 
warn*.  172  lo.l 
A-OVE  1 ‘164  10*1  1 ‘44 
AVlfTfc'lT  1,100  10*  1  1,1(5  |,6« 

»Al,Bl«*CT  1,103  10*1  I, 111  1,*9 

A«OV*  1»3  A#*l  1*20 


oaei&a 
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0«MT»H  HOUR  IT  6*  70*  #«Tt  PttM«l»«*TION  WO  MiUlPuT.Nf  »U1C*T10V  »ft*t  ,tJ 

LIST  or  CP*"*WUS.  0*1*  *>.«!  IDCNOSTJCS 


1 


wove  t.i*  **»i  i .27 
W'lVf  1.116  *0*«  l.Jl 
S'l  3* 

2**00  '20D  7290  IftftOv  1**00  T'vS  *496  33*06  12CU0  2*69  3690  1*1)0*  2**09  7?*o 
srt  15  3c 

*009  34*»‘0  26*00  r 20 C  7290  36900  12*on  300n  2*09  1**60  12*90  iOO*  2*00  1**00 

5»t  20  1..  ' 

19*00  3000  3600  teooo  13260  0*1'0  2*66  1*266  2**90  1200  *630  13*06 

Sri  11 

1920.)  0  (  20*00  1*209  0  0  2««>0  u66£  0  0  1**00  l»200  0  0  206*6  |  *200  0  0  2*009 
set  21  31 

6*60  6  0  1*400  660*  6  0  1**69  ‘<600  0  0  1**66  6669  9  0  1**3*  1**96  0  6  206*0 
Srt  *S 

33600  »  1**06  *1296  3)200  0  121100  *0*69  l%*06  9  6666  26*66  32*60  0  1)239  *2009 
srt  17  *S 

33*9*  6  1**09  *3200  15000  0  6*90  16*6.)  15066  6  V*63  1*200  1*2j0  6  6**0  21090 
Srt  33  6* 

15*00  6  *060  23*00  31200  0  12)60  *0006 
MS) .'li»  17?  IV) 

*“OVe  1 t ■ 02  l6«l  lt*» 

**u8t.  *6t  1.102  1 0 » 1  1.106  l.*« 

1.103  10*1  1,110  l.*» 
wove  |«?  *0>1  1*26 
*»6vt  l .11  *6*1  1*97 
WUV<  1,11?  *0**  t,Tl 
srt  ,u 

16*09  1**09  vtvo  13200  :»0*0  2*800  *3200  5*096  2*366  162-.6  2M00  3*0"G  5**60 
5rt  1*  30 

*3206  2**06  30601  16*00  l**5C  1**00  18*00  3*600  20*6*  *3260  5*006  1**00  1**00 

srt  it  ?c 

19600  16609  36009  2800(1  2*700  36610  2*096  19209  |126i>  96*60  50*06  63200  98*90 
srt  *tf  iu 

)Q*00 

srt  si 

2*00  0  0  3*96  T?00  9  0  I0«0fl  ■•■>00  0  9.7260  T299  0  0  10*60  2660  1  0  3630  7?7J  0  0 
S»t  2*  31 

10*09  2*00  0  0  3006  7269  9  0  tl*60  **00  0  3  7206  7206  0  6  10*09 
srt  *s  r 

96*00  0  2*901  27696  76200  0  72*00  *2*09  5?»0t  0  *8706  55209  7V900  0  7230*  *2900 
srt  It  85 

11200  0  2f.«0"  39*69  76900  0  72600  52*00  95)30  0  26*00  300*0  6*»00  9  5769*  *8*00 
$rt  3?  8* 

*3200  0  36*00  *5600  76260  0  72000  *2*30 
rrrftc*"  172  163 
««!>VC  1*100  10*1  l  *** 
i-«-*l:#*Lt  l, IOC  1  »« X  1.10*  1,*8 
*SU87w»c7  1.861 '1>*|  1,107  1,  *6 
W)V*  1*1  *7*1  i«2* 

».*»«  1.*  »0>1  1.2T 

W9«(  1,112  *0*6  1,71 


3 

i 

rnd 


J4 


» 


/ 
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t 

t 

i  -i 

(CNJTiH  *L0O»|T»-«  F OH  S*Tt  tit.TEM«l*4T  JOS  AW)  tUUlRKE'it  4U*C4T|MI  *»ft£  H>  ■ 

!  ‘ 

List  or  co»’>**u$i  04? 4  4so  our.Nos?tcs  ; 


Sf?  30 

14»0«  1**09  4*C 0  13240  1**00  »i006  0*00  JJJOf-  140(0  1**0*  4*9J  13209  l»»AA  12404 
srt  is  30 

3**0"  1*000  33*00  2B-X4  14200  f*»00  24 Son  3*000  2*000  33 >00  33300  2**46  14»00 
srt  2*  3o 

20*00  43200  30000  28*00  3»*0w  UotiO  |**00  14*00  Mono  20404  2*000  34200  24*00 
SF.T  31 

2400  0  0  3000  2* CO  0  0  3*00  2*00  0  0  3600  2*00  0  9  3400  *800  0  0  1200  *800  0  0 
Sft  2*  31 

3200  *«0n  0  C  2200  3200  0  0  13*00  2400  0  0  3000  *400  0  0  2200 
SF  T  RS 

2*400  0  2*000  23640  24080  0  21*00  2*200  36400  0  2*300  23*00  2*40"  0  28*0*  30000 

sn  it  #s 

52*0.1  0  •>?«■  0«  60000  52*06  0  »*006  54200  52*00  0  *#(94  55*00  2<00(  0  **«00  35*00 

srt  33  es 

3|20-l  A  ?A4C<>  32*00  *4000  0  *3*00  50*00 
|?2  193 

*•>'?¥*  1  •  102  IC‘l  1**4 
*s.,nrs»CT  1,102  10*1.1.108  li*1? 

*4Je?^»C1  1,101  10*1  1,107  1,41 
**>•)*£  1*4  40>1  1*26 
*»'>vf  1,1*  4«>l  |,2> 

*H-»VE  1.112  *0*4  1,71 
Srt  3o 

*2x00  2*00  3*00  1«100  12*60  J0«0  3*00  1*000  12*00  3000  3'00  lT*0C  120CO  2*00 
SFT  15  36 

7*00  1*700  33000  4000  2200  5d*'0  12000  2*00  2*00  1«4*0  2*200  *000  4*40  33000 
SET  20  3u 

2520v  *CG3  2200  30403  12000  2*60  3000  174A8  126«0  3000  S^OO  17*00 
Sf  T  31 

4*0 0  0  0  1*460  4*0J  0  0  14*0<I  5*00  0  0  14400  Hit  I  A  14-00  2*700  0  7  42200 

S«-T  21  31 

4*00  0  C  14*00  1*290  0  0  24800  |62oo  0  0  2MOO  V6M  •  0  l**»0  4*00  0  0  1**A0 
Set  «S 

1S40V  e  4000  20400  1*2(4  0  t*9fc  21000  15400  C  *1)00  20«?0  1*»00  0  **00  142AA 
srt  i 7  os 

*5u06  6  1*»0C  54*00  15*00  0  *040  20*00  30000  0104(0  346'e  3<»O0  0  13*<.A  *2(00 
S*  3J  «S 

1500 A  0  5*C«  15000  1*600  0  6000  20*00 
»***«««  p*  143 
o-ny*  1 « 104  »f»l  1,4* 

»*.ora»(.T  1,100  13«1  1.1C*  i,«x 
»sUHta»Ct  1,1*3  13*1  ),MO  1,*4 

*“?vt  |«>  *j*i  i«26 
A-OV*  1,18  40*1  1,22 
»*»«t  1,112  *C*4  1,21 
4*1  »(, 

3*004  7200  220f  *0403  2*400  *>7ii(  **"0  34*00  25260  *!"'0  *;-60  3»**0  252A0  *40( 
Sr?  IS  30 

4060  3**00  3*SC0  ?2e:  10»0.1  6«i00  34*00  10*00  4*cc  S?200  J*OA*  27.10  4(90  877*0 


-224- 


itWPt 1».  *g«  P»T t  0tlt>«*lN»t|0M  *w.  10UIP‘t»iT  HidCOtlnM  p»ftf  m 


LIST  u r  CO*m>iiJ5.  Ult  *I.D  0UGNC-5TKS 


3fT  20  30  • 

3*<i09  <2*0  OtO'J  5220*  >8069  "UH  lOPPO  5**00  2**98  725(1  *099  3**00 
S*t  J| 

?**9t  0  0  *3700  |570(  o  0  7t»80<-  15201  g  g  ?eooo  | 32oo  *  *  7*0(0  ?o«1*  «  <!  *3700 
VI  21  31 

•>M9(.  u  9  *3200  <0*00  t  C  *3<0<>  24*00  0.0  »3tfl0  »t*-00  0  0  *3200  l*70i  0  o  2l*soO 
VT  15 

*370f  0  1**00  »7*00  *00*0  0  10*00  38*08  31200  >1  l<*r.g  «i.<«oo  312'!'“  0  l?o*«  *«8oo 

S77  |7  *5 

«  1*909  *1200  ***O0  0  18*00  gjooo  *'.000  0  1*7*0  5**00  *5009  0  102*0  50*00 
Of  1  23  *5 

«*rtO:  0  10500  *1200  32*00  0  13200  *2000 
Propr**  it2  393  - 
*“0»t  1*102  i«*l  !•** 

*VJ»,(,il.'T  1,102  1011  1,10*  I.** 

4<On'n*Cf  1,193  10*1  1,111  1,»* 

*"Ovt  1*2  *0*1  |*20 
*„*Vf  1.1?  *i«l  1.27 
t  <\>Vf  1,110  *0»*  1,71 
SFl  30 

2P*0-  2*000  7**09  JOuOO  1200o  ’*00  17000  15*00  22*00  2*010  2**00  3*0*0  33*00 
3*7  1*  39 

»**0'  l*?er.  20*00  1**00  12001  1**00  1*000  ?«‘*00  2*100  2»«B0  31?on  17008  *500 
Sf7  77  30 

0*00  12<(>0  2*000  1*2;  0  2**00  3*010  1**00  1**00  <**t>g  13201  1M00  1**0*  <»*90 
3ft  »t  3« 

1320? 
srt  31 

«*00  0  0  7200  2*09  0  0  3«00  **«C  0  0  7200  **00  9  0  7209  2*00  0  n  3*0#  *810  *  0 
$f  7  7*  31 

7200  2*00  0  0  3*00  **00  0  0  7200  2*00  0  0  3*00  2*90  <t  0  3800 
57  7  :*5 

57*0  i  0  5*100  *>0100  2*000  0  <1*00  75790  57*00  0  57-80  OC^OO  G?*’.#  0  »rt»9’  55280 
S7T  17  *3 

2**01.  *  2**0»  30COS  52*00  0  **uOC  53700  21*00  0  |V<8#  22*80  52*00  8  *5uO*  55700 
3»T  13  *3 

2**00  o  7*001'  7(000  £*400  0  r*OOC  27*00 
OfbfliHM  172  1*3 

»»<■•<*  1*  109  10*1  !•** 

*So-tp»51  1.108  19*1  3.30*  l.*« 

*3.315*8'  1,101  10*1  1,100  1,0* 

»*o<.‘  |*1  *•'*1  1«2* 

»»o*r  1.3  *o»l  1.27 
VhC  1.11*  *0*0  li*l 
S*7  7« 

*320;  30009  7*809  3**91  l*»o-'  l*»(.n  12080  lSt.OO  33301  2#  >00  l«700  20*«0  1*30« 
577  1*  ■ 

l»«0't  12980  15*0'1  50*00  »3?0''  3*098  ***00  *3200  39011  it-  i((0  3*H»1  20113  19»8* 
VI  *7  30 

2*000  -»I290  3*909  20*00  3*80i  *0900  12000  **no  0*90  i3?0i  3*990  f^Ol  *J>0* 


U  Sto'fh'1 


omnitir  *lo9u| Ihm  rna  «*ir  »i.'(*«In»1|0n  »im  f!)Ui*ML*,T  auicaiiam 
ust  or  roxMiNust  data  *-<o  ouom'istjcs 


HK  ll* 


VI  *0  3* 

■UOO-7 
Sri  u 

l/ot  0  0  JU800  3*00  t  0  1*00  ♦«0O  0  1  72 JO  2*00  0  3  1*00  7200  0  0  10*10  7200  0  A 
Sri  **  31 

moo  **00  0  0  7200  7200  «  0  loB'lQ  2«OU  0  0  JbOo  7200  0  0  10103 
sri  OS 

72001  0  **<0O  70*03  2**00  0  20*36  lAOOO  S2H03  W  ***.>31  SS2O0  20*00  0  26*4*  30*03 

sn  »7  ms 

M**0->  4  7*200  43303  72*0*  0  <»«M00  >5604  **333  0  *J2A0  S9»*A  72040  3  **H01  7S*00 

sn  13  MS 

>1*0  •  0  l*2AO  22*00  7*209  3  72o00  *2*00 
•raFOMM  172  19 J 

1*102  10*1  !♦«* 

*Su* 7***  1  1.102  10*1  1.1*4  J,*« 

*S’;m'M*c7  1.1CJ  10*1  1,110  l.*4 
1*2  *0*1  1*26 
*“OV  1,11  *»ll  1.27 
*»n»‘.  1*11'  *6**  l.Tl 
Sr*  ja  . 

20*01  720 A  6040  1*«3J  11240  16*0  2*31  16*40  120A0  2*14  3*49  1»540  37*40  *910 
srr  ;?  3» 

1»*01  **100  1*031  7210  7200  V>*00  13700  1**3  ?»«0  14109  2»«B1  **00  *411  14*33 
sn  2v  .10 

2*30  >  **10  7240  1*63-1  26*04  7jv)0  6304  3*810  26*00  7240  72*0  16009 

sn  ii 

1*241  0  0  28*04  9049  0  V  1**70  4400  0  4  1**0*  2*610  4  A  *3204  24400  4  0  *3204 
sn  <1  31 

4*00  A  0  1**00  1*200  0  0  2*014  19290  0  «  2*M*9A  142*0  0  0  »«1i  1*200  M  2*160 
K1  IS 

12*0  I  4  13204  «2000  1560A  0  *000  20*40  1S400  0  «0H  20*1*  **400  A  1*1»0  63A0A 
17t  II  «  <: 

*1201  0  1**00  37600  tSoOO  4  4000  2l*40  14JnO  0  10411  19614  3)230  A  12100  *1*00 

sn  13  *s 

12*0  "  0  13200  *2464  13600  0  1**90  *3200 
OfMrju.l  172  191 


••"V'  1.141  10*1  1.** 

1.100  13«1  1.104  1.69 
OS'OIM*;!  1,101  10*1  1,107  1.69 
»»rv7  1.1  *0*1  1.26 
»*ny*  l .6  *0*  1  1 .37 
*■•>*1  l.llo  *0**  1,71 

sn  10 

3*63  J  14*00  10400  S*  ion  12401  1000  3600  19101  292)1  *000  *007  3**.t0  H201  1400 

sn  is  35 

.7*99  16100  17407  *0  10  *100  $2240  12106  2*94  2*00  l**00  11*09  3630  2*01  1**40. 

sn  29  30 

3«601  14*00  19*90  6*104  1200  7  2*00  J'.OO  I'lOA  292-J-)  *040  600}  1**00 

sn  m 

2*009  0  0  *3200  9*00  0  »  1**4'J  17200  0  0  2‘*230  '16-JO  4  4  1**09  29*00  9  9  *3?06 


i 

••  ■  -  ' - 3 


J 


.1 

1 

3 

■i 


.  3 

! 


i 


oaereo 


iWNlTitf  f'M  «* f£  6C1C»«i«<*tioh  *sn  £'iy|p<t»if  ti_i.nct Mow 


Pile  ns 


list  nr  co*«tNi><»*  ctrt  ano  oiasnistus 


srr  *i  Ji 

1«,00  0  0  Ittoc  4080  ii  4  l**OJ  28100  0  0  *1?C)  9»0>i  A  9  1**00  19?AO  «  0  2M* 0 
S*t  IS 

51*03  0  21490  4*490  16200  5  6699  21 AOO  31  ?*>0  A  12094  *A*1A  15*00  4  6139  »0»00 
SfT  1 2  46 

*4409  «  l»040  4(200  1**60  4  iFilO  (9*00  15490  0  *030  J9»A1  58*09  4  *>*03  4**00 
WT  41  US 

1**81  8  oOOO  20*88  11*38  8  1*888  *0490 
origin*  IT?  1*1 
*•*.'*?  J»l9i  lf*l  l«t* 

*e,.H(»tCT  ldt<  11*1  1.118 
ts*t>T?t;f  1,181  |3*1  1,196  l ,*4 
i«*9V*  |.«  *9*1  1.26 
tuftv?  1.1»  *3*1  1.2' 
t-nv*  1,112  *0*4  1(11 
Sfl  18 

♦  3200  3S103  ?««i03  ISOS*  1J60J  28680  14203  26*90  1J»84  28*60  2*894  36898  12800 
SfT  It  Ij 

9490  12168  1**00  1**39  12000  9*09  11280  14189  2«8J)  *1203  6*880  ?88Ao  2*aoo 
srr  22  10 

14200  26*00  1**00  12*01  0*40  13280  14900  2!«08  36w09  *4tiA  ItCQO  288.10  2««00 

Sri  *0  19 

19603 

S*1  11  *• 

1260  0  0  10*00  *300  3  8  2260  *400  0  1  V208  2*90  0  0  1»00  2*03  »  4  34*0  T?A«  0  0 
S*T  2*  11 

|A«C0  *330  0  8  2294  2*90  0  0  1*03  221C  0  8  14*80  2241  6  8  (0148 
SFT  45 

2?COO  0  6**03  26804  >2408  0  .5803  SS»00  42*00  4  52i64  6**411  2«98A  8  21691  25200 
srr  it  ss 

?*OOA  8  2(609  2S20O  24209  o  22v03  *2*00  *4000  0  *1201  60*00  2*009  0  21609  25260 
4*1  13  8» 

T200-1  0  6*480  »5609  o**08  0  32403  68*06 
»F-»F>'«  1T2  151 
».nvf  1.100  (0*1  l.«, 

tviBla*^!  1.186  (0*1  1.10S  l,*8 
*SCB!«(C!  moi  10*1  (.1(1  1,*3 
(wClyt  l»l  *g*l  1,26. 

A»OV«  1.1*  *8*1  1,2' 

A«A*£  1,112  *0*4  1(71 

»»;  jo 

Ill'S*.  1**30  12000  (9»9A  12001  *690  12086  16600  *1201  lHl>1  .1240  S*l>"0  59*10 
SFT  1*  lo 

*3204  *1200  *»f«c  2*800  1*203  <A*OC  36000  1**09  12301  1**00  \-99i  33400  28000 
507  22  30 

?a* 0 A  36006  2*300  1*200  2*003  H209  13660  28800  1*204  2t*00  1**01  12580  «4«0 

S'»  *0  10  ...  .  .  ■  “  '  ■ 

11206 

ST»  31  -  .  ■ 

2*08  6  6  1*03  2*60  3  0  3600  2200  0  0  10860  2200  0  0  13*01  *«9t  6  0  2200  2*40  0  A 


V 
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0«MIT«n  ALG0»1Tmm  f08  RATE  DETERMINATION  AMf>  £OUiP"ENT  ALLOCATION 
LIST  Of  CONN ANUS «  CATA  ANO  DIAGNOSTICS 


SET  2*  31 

3600  **00  0  0  7290  *009  0  0  1200  *990  0  0  7200  2*00  9  0  3*00 
5fT  05 

2*000  0  26*00  30000  2*000  0  21000  25200  06400  0  7924*  90090  93*00  0  6**09  97200 
SCT  17  05 

S2«C0  0  *6000  55200  26800  0  26«oo  30000  62*00  0  51*49  6**40  *0000  9  *3209  90*00 
SET  33  05 

52600  0  *6000  55200  2*000  0  21000  25200 

PfPFWN  172  193  ' 

A-0*f  1*102  10*1  1«**  „ 

AootTpACT  1,102  1011  1,10»  1*A» 

ASUbTNkCT  1,101  10*1  1,106  1,49 
A"0*f  1*4  *0*1  1*26 
AMOVE  1*19  *0*1  1*27 
AMOVE  1*112  *0**  1**1 
Sft  30 

252C 0  *000  *N#0  33*63  25200  *000  Tgej  3*i>00  132&C  3600  3*40  l7*on  13200  36(0 
SET  15  30 

36 CC  l*OCC  120CC  2*03  2*00  140*0  13200  3*00  3000  17*40  12600  3006  3060  17*00 
SFT  29  30 

26*06  *200  6000  3*903  12*00  3000  3*00  16000  26*09  7290  *000  3*000 ' 

SET  31 

1*200  0  0  20690  15200  0  0  2S60G  9660  0  0  1**00  *600  *  0  1**0C  *600  0  0  1**90 
SET  21  31 

9*60  0  0  1**00  9*90  0  6  1**00  19200  0  0  26000  9»00  4  0  1**00  19200  9  0  2NA90 
SET  as 

3O0C0  0  10400  39*00  32*00  0  13*00  *2000  16200  0  6610  210*4  1**00  0  7200  21*00 
SET  17  65 

i**rr  o  *000  19700  1*200  0  0*0*  21000  15000  0  *030  20*00  32*00  0  i32co  *2000 

SET  33  05 

1*2G0  0  6600  21000  32*00  0  132V0  *2000 
PfPFMW*  172  193 
A-OVE  1*100  13*1  1*4* 

*0«*T»*6t  1,100  10*1  1,10*  1*** 

A«UfclPACT  1,103  10*1  1,111  1,*9 
A“OVE  1*3  *0*1  |*26, 

AMOVE  1.1*  *0*1  1»2T 
AMOVE  1,112  *Q*«  1,71 
SET  3( 

3*6 (C  10800  7200  50*00  3*900  7200  9000  52200  12000  2*00  2*00  16000  2*000  *000 
SET  16  30  \ 

6990  3**00  12*00  300-3  2*00  1*000  25200  6000  7200  3«490  12609  3000  3600  10000 
SET  79  30  .  „ 

2526T  *000  7200  3*000  13200  3*»0  3000  17*00  12000  2*00  2*00  1*000 
SET  31  .......  , 

20609  0  0  *3209  20*33  0  0  *3200  9*00  0  0  1**09  1*200  0  0  20880  9600  (  0  1**00 
SET  21  31 

19700  0  0  2R80C  9*00  0  0  1**00  19200  0  0  2*800  *600  0  0  1**09  96*0  0  9  1*600 
SET  05 

*6600  0  1*000  *1200  *5000  0  1*200  59*00  1**00  0  **00  19744  34000  0  If. *00  3*600 


096770 
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yr 


OvMTlH  *IGV*ITw.  FCW  t»»T£  Cl  lt«u|>JiI10N  **r>  tft'J|ft*E*>T  <U,OC*rjrtN 
l  T ST  nr  C0“«iMJS.  on*  440  Oltf.fuSIlCS 


n* 


...srt  |T  bi 

5?Tl  u'a'*0*  ii*°°  4  ,W4°  *?l>9e  ,4M6  0  ?UU  3?4**  9  *2>O0 

nvie  c  (-tot  ?Hi'0  i**oo  t  »eo«  i*ia 
pruro«-»  172  l«j 
*”nvf  1.102  I'JM  It** 

*si,i>i«<Ct  l.ioj  ii,<i  ifio*  i,*a 

-  1.  ICi  10*1  1,11ft  1,*«  . 

»t*OV£  l«2  *c  »1  1.2* 

A-Ovf  l.ft  *»*1  1.27 
*wiv£  1.11®  *0««  l.»l 
Sri  30 

srrl|*?30#°  s°‘(0  43209  4S2**'  54a#*  ?fl,<10  ?*SM  Jl?eo  w*#c 
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